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SUMMARY OF THE THESIS 
 
The work contained in this Thesis represents some main developments in hypervalent 
iodine(III)-mediated methodologies, and ranges from carbon-nitrogen to additional 
carbon-heteroatom bond formation. 
 
The present manuscript is divided into three main parts: 
1 - Mechanistic studies on the stoichiometric iodine(III)-mediated vicinal 
diamination of styrenes. 
2 - Development of a pioneering hypervalent iodine(III)-catalysed asymmetric 
diamination of styrenes. 
3 - Exploration of mild carbon-boron bond formation from diaryliodonium 
salts. 
 
In the first section on alkene diamination, a description of a series of experiments 
supporting and supported by DFT calculations are presented. The original DFT 
calculations were performed in the group of Professor Maseras within a collaborative 
project. 
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Figure i. a) Ligand dissociation step; b) Reductive elimination step. Free energy values are given in kcal 
mol-1. 
 
In order to verify the most energetically demanding step calculated by DFT, a series of 
hypervalent iodines bearing bistosylimide groups at the iodine centre and different 
para-substitution in the aryl ring were synthesised and submitted to diamination. 
Kinetic profiles showed slower reactions with electron-withdrawing substituents. In 
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conclusion, between two possible rate-determining steps (Figure i), the ligand 
dissociation is discriminated as the slowest process according to the kinetics. 
 
Regarding the DFT postulation of an initial step of oxygenation, an experimental proof 
of such an oxygen attack of the bissulfonamide is described for 1,1-diphenylethylene as 
starting material (Scheme i) and additionally supported by an X-ray analysis of the 
isolated oxygenated product. After the initial iodoxygenation, a phenyl migration 
triggers the iodine reductive elimination leaving a carbocation that is stabilised through 
an E1 process, leading to the final enol derivative. 
 
PIDA, HNMs2
CH2Cl2, r.t., 12 h
25%
OSN
O
SO
O
 
Scheme i. Control reaction and product for bismesylimide oxygen attack. 
 
Additionally, chiral iodine reagents bearing bissulfonyl groups at the iodine 
coordination sphere were synthesised, and fully characterised including X-ray analysis. 
The rate for electron-rich derivatives of these compounds in exploratory diamination of 
alkenes was found to be extremely fast; this electronic facet is comparable with related 
chiral iodine reagents of similar electronic influence, which exercise significant rate 
enhancement in enantioselective diamination. 
 
In the second section, a novel catalytic asymmetric diamination methodology is 
described. Two key points were important for this transformation. The first is the 
suppression of the potential background epoxidation reaction under appropriate reaction 
conditions. The second one is the design of the correct features of the catalyst, being 
necessary a para-methyl substitution on the arene core and a bulky N,N-disubstitution 
pattern amide within the chiral lactamide units (Figure ii). 
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O O NiPr2
O
iPr2 N
O I
 
Figure ii. Chiral aryliodine selected as the best catalyst for enantioselective diamination of styrenes. 
 
Under such appropriately tuned reaction conditions, the asymmetric diamination of 
styrenes was carried out using 10 – 20 mol% of catalyst loading, achieving from 
moderate to good yields and excellent enantioselectivities of above 90% ee. These ee 
values represent significantly higher values (above 90%) than those for the previously 
published stoichiometric reaction, which presents a significant improvement. 
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Figure iii. Catalytic cycle for asymmetric diamination. 
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Mechanistic studies have identified the definite catalytic cycle from Figure iii for this 
homogeneous oxidation reaction. Chiral iodine(I) is oxidised by the terminal oxidant 
(mCPBA) at the outset of the reaction and a subsequent ligand exchange provides the 
active iodine(III) species A. The inherent chirality of this molecule exercises an 
effective alkene face selection at transition state B. Subsequent bismesylimide attack at 
the benzylic position of the activated alkene generates a vicinal aminoiodinated 
intermediate C. Intramolecularly promoted reductive elimination regenerates the initial 
chiral I(I) catalyst state and releases intermediate D. Upon ring opening by a second 
bismesylimide unit the final diamination product is formed. 
 
Finally, in the third chapter a novel carbon-boron bond formation is described. This 
work was realised in collaboration with the group of Professor E. Fernández. One of the 
few metal-free aryl-boron bond formations and the only example of diaryliodonium-
mediated arylation of a group 13 element has now been developed. It also represents 
one of the few cases of a non-innocent anion in reactions of diaryliodonium salts.  
 
The presence of an acetate as diaryliodonium counterion triggers the formation of an 
umpolung at the diboron compound, which, once it is coordinated to the iodine, induces 
sufficient nucleophilicity to trigger reductive elimination to the final borylated product 
(Scheme ii). Several symmetrical diaryliodonium acetates were synthesised through 
metathesis of their respective bromides. These precursors were obtained applying 
different synthetic protocols including the direct synthesis from the corresponding free 
arenes to the use of preactivated arenes.  
 
B
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R
R
I
Ar1 Ar2 Ar1 Ar2
Ar1
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B
B
 
Scheme ii. Conceptual approach to the borylation of diaryliodonium salts. 
 
Non-symmetrical diaryl iodonium salts were also tested. No aryl selection is observed 
based on electronic preferences, but up to 85:15 selectivity can be obtained when a 
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pertinent steric hinderance is present. Moreover, anion bulkiness can also be employed 
to enhance selectivity, although the yields are decreased throughout the anion insertion. 
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CHAPTER 1. INTRODUCTION  
 
1.1. GENERAL INTRODUCTION 
 
1,2-Diamines are present ubiquitously in Nature, being a relatively common scaffold. 
Among the pertinent examples, biotin (so called vitamine H or B) is one of the most 
known. This molecule acts as cofactor for many enzymes, such as carboxylases, and 
regulates systemic processes and gene expression such as the ones involved in glucose 
level regulation.[1] Another example is balanol, a fungal metabolite that is a protein 
kinase inhibitor.[2] 
 
NHHN
O
CO2HBiotin
NH
O H
N
O
OHO
OH
HO
O
OHHO2C
Balanol
N
Me
N
N
Mirtazapine
N
N
S
Levamisole
NMe
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Ph2HC
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N
Me
N
Mianserin
N
Me
N
N
Esmirtazapine
H
N
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N
H
O
O
O
O
Oxaliplatin Oseltamvir
CO2H
O NH2
NHAc
 
Figure 1. Some relevant diamines in Nature and pharmaceutical industry. 
 
Vicinal diamines have also attracted pharmacological attention.[3] Mianserin was firstly 
commercialised as antidepressant, although nowadays it has been substituted by 
Mirtazapine (in its racemic version).[4] Esmirtazapine is the pure (S)-enantiomer of 
mirtazapine, and it is used in the treatment of insomnia.[5] Levamisole is 
commercialised for the treatment of parasitic worm infections in animals.[6] 
Asimadoline is a peripheral !-opioid agonist used in the treatment of irritable bowel 
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syndrome.[7] Other drugs include the antiviral Oseltamvir[8] or oxaliplatin, used in 
cancer chemotherapy[9] (Figure 1). 
 
1,2-Diaminated compounds are also important in organic synthesis.[3] Arguably, the 
most representative examples are their well known occurrence as ligands for Noyori’s 
asymmetric hydrogenation and transfer hydrogenation reactions with metal-ligand 
bifunctionality (Scheme 1). 
 
Here, a ruthenium centre is coordinated to a vicinal diamine. This ligand takes active 
part in the formation of the metal hydride catalyst (from hydrogen or isopropanol) that 
finally will promote the hydrogenation.[10] In asymmetric transfer hydrogenation, the 
hydride source can be switched to formic acid/triethylamine azeotrop, avoiding the 
reversibility of this reaction.[11] 
 
O
R2
P
P
R2
Ru
H
H
N
H
N
H2
H
KOH, H2 (46 bar), 2-propanol, 30 ºC
OH
100% yield, 80% ee
(4.2x10-5 mol%)
O
KOH, 2-propanol, r.t.
OH
95% yield, 97% ee
(0.5 mol%)
TosN
NH2
Ph
Ph
Ru Cl
a)
b)
 
Scheme 1. a) Noyori’s asymmetric hydrogenation; b) Noyori’s asymmetric transfer hydrogenation. 
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1.2. VICINAL DIAMINES. OXIDATIVE ADDITION TO ALKENES. 
 
The group of Professor Muñiz is well known for the development of several 1,2-
diamination reactions through oxidative transformation of alkenes.[12] However, the first 
examples with stoichiometric metal in literature go back to seminal contributions by 
Gómez Aranda and Barluenga, Bäckvall and Sharpless, respectively. 
 
Chronologically, in 1974 Gómez-Aranda, Barluenga and Aznar developed a 
thallium(III)-mediated diamination reaction with anilines as nitrogen sources.[13] Some 
years later in 1977, Sharpless applied preformed imidoosmium(VIII) complexes to the 
diamination of olefins.[14] This methodology was followed one year later by the 
palladium-promoted vicinal diamination of olefins by Bäckvall. In this methodology, 
after an initial aminopalladation step, the oxidation of Pd(II) to Pd(IV) by mCPBA 
affords a subsequent nucleophilic substitution of the metal.[15] In 1979, Barluenga 
developed a mercury(II)-mediated diamination of olefins. The key to this transformation 
is the use of HBF4, which forms sufficiently polar intermediates to undergo nucleophilic 
substitution of the mercury by anilines providing the final diamine. In this way, the 
reverse aminomercuration pathway was inhibited.[16] 
 
In 2003, Muñiz described the first asymmetric diamination of fumaric and acrylic esters 
with bisimidoosmium complexes (Scheme 2a).[17] This methodology was based on the 
use of chiral auxiliaries in the ester moiety. (-)-8-Phenylmethol was the best auxiliary 
for this transformation, rendering a 95:5 diasterometic ratio. 
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Scheme 2. a) Diasteromeric osmaimidoazolidine synthesis; b) Removal of the chiral auxiliary and the 
metal centre. 
 
The need of a chiral auxiliary drives from the presence of at least two imido groups in 
the metal centre. Those groups diminish the Lewis acidity of the osmium inducing more 
electrondensity through the lone pair of the nitrogen. Due to this, succesful ligands in 
asymmetric Sharpless dioxygenation or aminoxygenation such as the Cinchona 
alkaloids do not complex the metal. The diamine is liberated from osmaimidazolidine 
intermediate by reduction with LAH or by transformation into the corresponding amide 
and subsequent reduction with NaBH4 (Scheme 2b). 
 
In 2005, Muñiz achieved an enantioselective version of the reaction employing a 
catalytic amount of the chiral auxiliaty Ti-TADDOLate (Figure 2).[18] 
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Figure 2. Transition state for diamination with chiral Ti-TADDOLate. 
 
In contrast to catalytic Sharpless dioxygenation and aminoxygenation, catalytic 
diamination cannot be achieved. The osmaimidazolidine intermediate is too stable 
towards hydrolysis, aminolysis and/or reoxidation, which prevents any possibility to 
close the catalytic cycle.[19] 
 
In view of the impossibility of a diamination with a catalytic amount of osmium, Muñiz 
changed the metal promoter and successfully developed nickel-, gold- and palladium-
catalysed diamination reactions.  
 
The intramolecular diamination reactions are carried out with tethered nitrogen motives. 
These tethers are linkers between the two reactive nitrogen atoms and can be removed 
easily after the oxidation reaction. Ureas and sulfamides are typical tethers in 
diamination reactions, while guanidines represent transferable group with innate 
interest. 
 
All these reactions are two-step processes. The first step is an aminometallation that can 
be of syn or anti stereochemistry depending on the reaction conditions. Subsequent 
oxidation of the metal centre and SN2-type reaction at the metallated carbon forms the 
final vicinal difunctionalised product (Scheme 3). 
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Scheme 3. Metal-catalysed intramolecular diamination: general mechanism. 
 
In the intramolecular diamination of ureas, upon use of 7.5 mol% gold(I), anti-
aminometallation takes place,[20] while the corresponding syn-aminometallation arises 
with 10 mol% palladium(II) leading to the opposite stereoisomeric product (Scheme 
4a).[21] The latter syn-aminopalladation is due to the coordination of the Pd(II) catalyst 
to the second nitrogen atom of the substrate. In case that both nitrogens are displayed on 
different sides of the alkene, anti-aminopalladation may occur (Scheme 4b).[22] 
 
R
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Ts
N
N
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O
 
Scheme 4. Pd(II)/Pd(IV) or gold(I)/gold(III)-catalysed intramolecular diamination with PIDA as terminal 
oxidant. 
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Unlike palladium and gold, a platinum catalyst can work under neutral conditions, albeit 
rendering aminoxygenation upon the insertion of the more nucleophilic urea oxygen[23] 
(Scheme 5). 
 
R
R
HN NHTs PtCl2, CuBr2
O2, DMSO, 60 ºC, 16 h
27-98%
N
R
R
O
N Ts
O
 
Scheme 5. Pt(II)-catalysed aminoxygenation. 
 
If sufamide is used as the nitrogen source, the catalytic diamination can be achieved 
with the use of 10 mol% nickel(II) catalyst.[24] In contrast, the use of the 
palladium(II)/PhI(OAc)2 system leads to aminoxygenation due to the low 
nucleophilicity of the second sulfamide nitrogen, which allows for the insertion of a 
competing external nucleophile. To achieve this transformation through a palladium-
mediated process, the use of a CuX2/K2CO3 co-system (X = halide) is needed, which 
favours the required SN2 amination step through a transient oxidation[25] (Scheme 6). 
This methodology can also be applied to other substrates.[26] These processes were also 
carried out without metal catalyst using IPy2BF4 (trans-aminoiodination and subsequent 
SN2 at the carbon bearing the iodine).[25a] 
 
R
R
HN
O2
S NHCO2R2 Ni(acac)2, PhI(OAc)2, NaOAc
DMF, 40 ºC
72-96% N
R
R
NCO2R2
O2
S
Pd(OAc)2, PhI(OAc)2, NaOAc
DMF, r.t.
98%
N
R
R
NHCO2Me
O2
S
OAc
Pd(OAc)2, CuBr2, Base
DMF, r.t.
99%
R1
R1
 
Scheme 6. Metal-mediated intramolecular sulfamide diamination. 
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After the exploration of intramolecular metal-mediated diamination of alkenes, the 
group developed pioneering intermolecular versions using palladium as catalyst.   
 
R
[Pd(PhCN)2Cl2], Saccharin, HNTs2, PhI(OPiv)2
CH2Cl2, r.t.
35-94%
R
N
NTs2
O2S O
 
Scheme 7. Palladium-catalysed diamination of unactivated alkenes. 
 
bis(Benzonintrile)palladium dichloride afforded the diamination of unactivated terminal 
alkenes. In this reaction, two different amino moieties are introduced (Scheme 7). 
Saccharin was introduced in the first aminopalladation step, while a more nucleophilic 
bistosylimide produces the SN2 reaction over Pd(IV). The required oxidation step from 
Pd(II) to Pd(IV) is carried out with the strong iodine(III) oxidant 
di(pivaloxy)iodobenzene.[27] 
 
Pd(hfacac)2, Saccharin, NFSI, PhI(OPiv)2
CH2Cl2, r.t.
32-72%
O
N
N(SO2Ph)2
O
O R3
R1 R2
RO
R3
R1 R2
R
 
Scheme 8. Palladium-catalysed diamination of allyl ethers. 
 
This methodology, with some modifications, also provided the regioselective 
diamination of allylic ethers (Scheme 8). The use of NFSI as oxidant (together with an 
I(III) reagent) enables the use of phthalimide as a suitable nitrogen source and also 
provides the second nitrogen source for the final SN2 amination step.[28]  
 
Finally, more challenging internal alkenes could be successfully diaminated through the 
preformation of the [Pd(NPhth)2(PhCN)2] catalyst and the use of 4-tert-butylcatechol as 
polymerisation inhibitor (Scheme 9). With this catalyst, Muñiz and co-worker 
performed the diamination of internal styrene derivatives, as well as allylic ethers, 
terminal unactivated alkenes and benzene. The main advantages of this methodology 
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are the use of phthalimide as nitrogen source, which is convenient to deprotect, the non-
requirement of any oxidant other than I(III), a non-expensive palladium source and the 
use of a limiting amount of starting material.[29] Tetrafluorophthalimide and other 
bissulfonimides can also be used. The application of HNPhth or HN4FPhth does not 
affect the kinetics of the initial aminopalladation. 
 
[PdCl2(PhCN)2]
PhthNH
ClCH2CH2Cl, 70 ºC, 1 h
[Pd(NPhth)2(PhCN)2]
HNTs2, PhI(OPiv)2, 
4-tert -butylcatechol, 70 ºC, 20 h
40-91%
R1
NPhth
NTs2
R1R R
 
Scheme 9. Palladium-catalysed diamination of internal alkenes. 
 
The overall stereochemistry of this diamination points towards a trans-aminopalladation 
pathway as the initial step (Scheme 10). 
 
PdII
R
R1
[PdII]
N OO
R
R1
[PdIV]
N OO
PhI(OPiv)2HNTs2
R
N OO
NTs2
R1
HN
O
O
Anti-aminopalladation
SN2-type reaction
Metal oxidation
NTs2
R
R1
 
Scheme 10. Catalytic cycle in intramolecular diamination of alkenes. 
 
When saccharin is used instead of phthalimide in the preformation of the palladium 
complex and it is also used as the only nitrogen source, selective aminoxygenation of 
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allyl ethers and esters is obtained in 49-74% yield. The fact that the second saccharine 
unit inserts through the oxygen in a reaction reminiscent to the platinum intramolecular 
catalysis, is remarkable[30] (Figure 3). 
 
R O
N
O
SO2O
N S
O2  
Figure 3. Product example of the palladium-catalysed aminoxygenation of alkenes with saccharin. 
 
During mechanistic investigation on the palladium-catalysed intermolecular 
diamination, it was observed that the styrene affords the corresponding "-hydride 
elimination product with phthalamide and the diaminated one with two bistosylimide 
moieties (Scheme 11). As no phthalimide was inserted in the latter, that product has to 
derive from a reaction different to the palladium catalysis. Subsequently, an alternative 
diamination pathway mediated by the hypervalent iodine alone was discovered.[29a] 
 
NPhth NTs2
NTs2
[Pd(MeCN)2Cl2]
phthalimide, HNTs2
PhI(OPiv)2
ClCH2CH2Cl, 70 ºC
25% 57%  
Scheme 11. Diamination of styrene. 
 
In fact, halide-based diamination reactions such as an IPy2BF4-mediated[25] and a 
bromide-catalysed[31] intramolecular variant had already been performed at that time by 
the group (Scheme 12). In both cases, it is believed that they proceed through a 
halonium intermediate. The first nitrogen attacks the halonium, while the second 
nitrogen replaces the remaining halide via an SN2 amination. 
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R
R
HN NHTs IPy2·BF4
Toluene, 120 ºC, 2.5 h
83-92%
N
R
R
NTsR1
R1
X X
R
R
HN Y NHZ KBr, NaClO2, NaOAc
DMF, 35 ºC, 8-16 h
65-97
N
R
R
NZ
Y
R1
R1
X = NtBu, O
Y = CO, SO2
R2
HR
2
R3 R3
a)
b)
 
Scheme 12. a) IPy2"BF4-mediated diamination; b) Bromide-catalysed diamination. 
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1.3. HYPERVALENT IODINE 
 
Although iodine is an element that belongs to the p-block of the period table, its 
reactivity differs from the lighter elements in the group, displaying reactivity more 
similar to transition metals. 
 
Iodine is usually a monovalent compound with an oxidation state of -1 as it belongs to 
the p-block elements. It is the largest, most polarizable and least electronegative 
halogen. These properties allow iodine to form stable polycoordinate derivatives, 
known as multivalent compounds. Its reactivity differs from the light elements of the 
group, being this reactivity similar to metals such as Hg(II), Tl(III) or Pb(IV). 
 
1.3.1. Classification 
 
Iodine can be present in the oxidation states +1, +3, +5 in organic compounds, and with 
additional states -1 and +7 only present in inorganic compounds. According to the 
definition established by J. I. Musher in 1969 (“hypervalent species are molecules and 
ions formed by elements in Groups 15-18 bearing more than eight electrons in their 
valence shells”), trivalent and pentavalent iodine derivatives are referred to as 
hypervalent iodine.[32]  
 
Organoiodines containing iodine(I) have been used since the middle of 19th century in 
Hofmann’s alkylation of amines or in Williamson’s ether synthesis. The first 
hypervalent iodine, PhICl2, was synthesised by Willgerodt in 1886. It was soon 
followed by many others, such as diacetoxyiodobenzene or some diaryliodonium salts. 
 
Historically, I(III) compounds were given the name of iodinanes, while I(V) compounds 
were called periodinanes. Nowadays, IUPAC has replaced these names by #3-iodanes 
and #5-iodanes, respectively. 
Ar I
L1
L2
I
Ar
L2
L3
L4
L1
Aryl-!3-iodane Aryl-!5-iodane  
Figure 4. General structures of I(III) and I(V) compounds. 
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Aryl-#3-iodanes possess a pseudotrigonal bypiramidal geometry, in which the aryl and 
the lone pairs are displayed in the equatorial positions (T-shaped structure) (see Figure 
4). The aryl group is bound to the iodine with a two electron-$-bond. According to 
molecular orbital theory, the iodine bond with the ligands (L) in this class of 
compounds is explained through a three-centre-four-electron (3c-4e) bond between the 
two ligands and the iodine centre (Figure 5). 
 
L I L
antibonding orbital
nonbonding orbital
bonding orbital
 
Figure 5. Molecular orbital diagram for aryl-#3-iodane. 
 
Due to the node presented in the iodine centre in the HOMO orbital, the hypervalent 
bond shows a highly polarised nature, developing a partial positive charge in the iodine 
(+1.0) and partial negative one in the ligands (-0.5). This polarisation explains the 
electrophilic character of the iodine centre, as well as the disposition of the ligands in 
the apical position.  
Ar I
F
F
Ar I
Cl
Cl
(ArIO)n Ar I
O
O
R
O
O
R
Ar I
OH
OSO2R
O
I
X X
Y
N
I
Y
O
Z
Ar I
R
Ar I
C
X
RR
Ar I
NR
(difluoroiodo)arene (dichloroiodo)arene iodosylarene [bis(acyloxy)iodo]arene
aryliodine(III) 
organosulfonate
benziodoxole benziodazole
Iodonium salt iodonium ylide iminophenyliodane
Ar I
NR2
NR2
(diamidoiodo)arene
I OR
Ph
I R
Ph
µ-oxo-bridged iodane
X = Me, CF3 or 2X = O
Y = OH, OAc, N3, CN, etc.
Z = H, Ac, etc.
 
Figure 6. General organoiodine(III) structures.[34a] 
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The most common classes of aryl-#3-iodanes are depicted in figure 6. Among them, the 
most representative compounds are (diacetoxyiodo)benzene (PIDA, DAIB), 
[bis(trifluoroacetoxy)iodo]benzene (PIFA), [hydroxy(tosyloxy)iodo]benzene (HTBI, 
Koser’s reagent), [N-(p-toluenesulfonyl)imino]phenyliodane[33] or 3,3-dimethyl-1-
(trifluoromethyl)-1,2-benziodoxole (Togni’s reagent). 
 
Aryl-#5-iodanes have a square pyramid structure with an aryl in the apical position 
bonded with a two electron-$-bond to the iodine centre. Similar to aryl-#3-iodanes, 
these iodine reagents exhibit two orthogonal hypervalent 3c-4e bonds with the ligands 
(Figure 4).[34] 
 
 
1.3.2. General reactivity 
 
Hypervalent iodine reacts in three different ways: ligand exchange and reductive 
elimination, radical reactions and single-electron transfer reaction (SET). 
 
1.3.2.1. Ligand exchange and reductive elimination 
 
It is known that external nucleophiles can replace heteroatom ligands in I(III) 
compounds relatively easily. This exchange can proceed through two possible 
mechanistic scenarios: associative or dissociative. 
 
The associative mechanism describes a nucleophile attacking the electrophilic iodine 
centre with the later release of one of the ligands. On the other hand, dissociative 
pathway shows a ligand abandoning the iodine coordination sphere, leaving a cationic 
species that is attacked by the nucleophile (Scheme 13). 
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Ph I
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Ph I
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Associative pathway
Ph I
L
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Nu Ph I
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L
L
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Scheme 13. Associative and dissociative pathways for ligand exchange in I(III) compounds. 
 
Although the dissociative pathway seems more unlikely to happen due to the stability 
issues of the intermediate, such ions are present in the gas phase. In addition, some 
potentiometric titrations of PhI(OH)OTs and PhI(OH)OMs confirmed the presence of 
those cations in aqueous solution.[35] However, experimental data such as X-ray 
diffraction analysis, shows a T-shaped structure with one solvent molecule placed 
where the released ligand was. Moreover, the isolation of the inorganic 
benzyltrimethylammonium tetrachloride through the reaction of ICl3 with 
benzyltrimethylammonium chloride[36] suggests an associative pathway in the reactivity 
of these compounds. 
 
Once the nucleophile is coordinated to the iodine centre, reductive elimination occurs. 
This mechanism is driven by the aryl-#3-iodanyl ability as hypernucleofuge. According 
to Ochiai, a hypernucleofuge “must show a leaving group ability higher than that of a 
superleaving group such as TfO, and also be a hypervalent leaving group […] the 
leaving process of hypernucleofuge must involve an energetically preferable reduction 
of the hypervalent atom to the normal valency with octet structure, which is the origin 
of the high leaving group ability”.[34b] 
 
This definition implies that the trend of hypervalent iodine to be reduced to the 
corresponding aryliodine(I) is the driving force for all transformations, explaining that 
electron-withdrawing substituents on the aryl moiety enhance its ability as leaving 
group. 
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After the ligand exchange with the nucleophile, two different pathways are possibles, 
either a reductive elimination that leads to the formation of a nucleophile Umpolung 
(Nu+) (which is the common reactivity of these compounds and allows the reaction of 
two formal nucleophiles) or a ligand coupling (Scheme 14). The latter pathway is 
almost an exclusive characteristic of diaryliodonium salts and will be discussed in 
chapter 4. 
 
Ph I
L
L
Nu
L
ligand
exchange
Ph I
Nu
L
reductive
elimination
PhI
Nu L
Nu I
Ph
L
pseudorotation
ligand
coupling
PhI
Nu L
 
Scheme 14. I(III) reactions with nucleophiles.[34a] 
 
 
1.3.2.2. Radical reaction 
 
The radical mechanisms are common in reactions of hypervalent iodine(III) compounds 
bearing chloro, oxygen or nitrogen as ligands. This pathway can arise from thermal or 
light mediation. 
 
In 1990, Breslow described a radical iodine(III)-mediated functionalisation. In this 
reaction, PhICl2, after homolytic cleavage, generates a radical in an internal aryliodide 
template that abstracts a proton from the molecule, generating the carbon radical that 
drives to the final product (Scheme 15).[37]  
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Scheme 15. Breslow’s remote C-H activation. 
 
(Diacyloxyiodo)arenes can also undergo homolytic cleavage under termal or 
photochemical conditions. In these cases, the acyloxy radical can be trapped by other 
radical molecule[38] or it can liberate CO2, driving into a carbon radical that is the real 
active species. Some examples of the latter are shown in Scheme 16.[39] When alkane 
substrates are used, proton abstraction can ocurr from the acyloxyradical[40] or the 
iodanyl radical.[41] 
Ph I
O
O
R
O
O
R
PhIO(O)CR
R O
O
CO2
R
h!
SO2Ph
N
N R
SO2Ph
R
 
Scheme 16. Examples of I(III)-radical alkylation: Michael addition to an alkyl radical and alkylation of 
heteroaromatic cores. 
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(Diazidoiodo)benzene can also react through this mechanism. This iodine species was 
not isolated due to its instability even at low temperature. Generation of this reagent in 
situ through the reaction of a hypervalent iodine precursor and an azide anion source 
leads to radical azidations as the one described in Scheme 17.[42] The radical chain starts 
with homolitic cleavage of the I-N3 bond, generating an azido radical which abstracts a 
proton. The new carbon-centred radical recombines with another azido radical to afford 
the final product. 
 
MeO
H
R R1
PIFA, TMSN3, MeCN
r.t., 15 min
36-73% MeO
N3
R R1
 
Scheme 17. Bencilic radical azidation. 
 
Azidobenziodoxole affords the direct azidation of hydrocarbons at high temperature in 
presence of a radical iniciator[43] (Scheme 18). 
 
R H O
I
O
N3
Solvent, Benzoyl peroxide (cat.)
40-100 ºC
45-76%
N3
N3
N3
N3
 
Scheme 18. Aliphatic radical azidation. 
 
tert-Butylperoxybenziodoxole is used for the generation of tert-butylperoxy radicals due 
to its ability to cleavage homolytically the I-O bond even at room temperature. This 
reagent is applied in several reactions, such as the oxidation of allylic and benzylic 
positions,[44] the epoxidation of alkenes and the oxidation of sulfides, selenides, 
phosphines and amines.[45] 
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1.3.2.3. Single Electron Transfer (SET) 
 
In a single electron transfer (SET) reaction, an electron-donor and an electron-acceptor 
compound form an electron donor-acceptor (EDA) complex and a single electron is 
transferred between them, creating a radical intermediate.[46] This mechanism can take 
place in reactions of hypervalent iodine with electron-rich organic substrates. Those 
reactions are carried out in polar, non-nucleophilic solvents. 
 
In 1991, Kita found that p- and o-substituted phenol ethers react with PIFA in the 
presence of certain nucleophiles affording nucleophilic aromatic substitution through 
SET within an initially formed EDA complex (Scheme 19). The presence of radical-
cations determinated by electronic paramagnetic resonance and UV spectroscopic 
measurements supported this mechanism.[47] Similar reactivity was also found for 
diaryliodonium salts (see chapter 4). 
 
R
OMe
PIFA
(CF3)CHOH
or
CF3CH2OH MeO R
I OCOCF3Ph
OCOCF3
EDA Complex
OMe
R
Nu
OMe
R
SET Nu
PhI
 
Scheme 19. Kita’s SET-mediated nucleophilic aromatic substitution. 
 
SET methodology was later extended to the synthesis of biaryls in high yields and 
without any homocoupling between the arenes.[48] The absence of homodimer lies in the 
selective SET to one of the arenes, which creates exclusively one kind of cation-radical 
which is trapped by the other arene (Scheme 20). 
 
PIFA, BF3·OEt2
CH2Cl2, -78 ºC
88%
88%
 
Scheme 20. Kita’s biaryl synthesis.[49] 
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1.4. OVERALL AIMS 
 
The purpose of this Doctoral Thesis is the development of new methodologies mediated 
by defined hypervalent iodine reagents. 
 
During the last years, the group of Professor Muñiz has developed a series of selective 
stoichiometric amination reactions mediated by I(III), such as on alkenes, allylic 
positions, acetylenes, di- and trienes, %-ketones or allenes. In the first part of this work, 
a clearer understanding on the racemic vicinal diamination is pursued.  
 
This knowledge on the reaction mechanism allowed us to go beyond the barrier of 
stoichiometry, developing a catalytic enantioselective version without background 
reactions due to the terminal oxidant action. 
 
Finally, although arylating properties of diaryliodonium salts are widely known, we 
envision the possibility to extend those reactions to inherent electrophilic elements, such 
as group 13 elements, where boron was a suitable candidate. This way, one of the few 
metal free aryl borylations was pursued, expanding the frontiers of bond formation with 
diaryliodonium methodologies.  
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CHAPTER 2. MECHANISTIC STUDY OF RACEMIC 
IODINE(III)-MEDIATED ALKENE DIAMINATION 
 
2.1. INTRODUCTION: IODINE(III) REAGENTS IN ORGANIC 
SYNTHESIS. ALKENE VICINAL DIFUNCTIONALISATION 
 
Hypervalent iodines represent powerful and broadly used tools in organic synthesis. 
Applications of aryl-#3-iodanes include phenol dearomatisation (widely used in natural 
product synthesis),[50] oxidative cyclisations,[51] trifluoromethylations,[52] 
alkynylations,[53] rearrangements[54] or vicinal difunctionalisation of alkenes,[55] among 
others. The latter transformation will be discussed in this section. 
 
Vicinal difunctionalisation of alkenes is a unique tool for functional diversification of 
unsaturated hydrocarbons through a direct introduction of two heteroatoms within a 
single transformation. 
 
For example, PhICl2 reacts with several kinds of alkenes (including terminal, internal, 
cyclic or exocyclic) rendering vicinal dichlorination.[56] This hypervalent iodine 
decomposes generating Cl2 and PhI under polar conditions[57] or in presence of a strong 
acidic catalyst (e.g., trifluoroacetic acid) if non polar solvent is used.[58] The instability 
of this reagent increases with ortho substituents on the aromatic ring.[59] 
 
Depending on the individual conditions, ionic or radical mechanism may be possible.[60] 
The latter, proposed firstly by Bloomfield,[61] is trigged thermally or photochemically in 
absence of radical inhibitors. In those reactions, it is believed that Cl" is the radical 
carrier (Scheme 21), although when a saturated hydrocarbon is the substrate, PhICl 
radical behaves as the hydrogen abstractor.[37,62] 
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Scheme 21. Radical vicinal alkene dichlorination mechanism. 
 
Radical dichlorination of alkenes affords mixtures of syn- and anti-dichlorination 
products. The difference in the ratio between both products is due to steric effects in the 
reaction between the radical intermediate and PhICl2[63] (Scheme 22). 
 
BzO
H
BzO
[PhICl]·
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BzO
H
ClCl
BzO
H
Cl
BzO
Cl
Cl
H
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PhICl2
PhICl2
15%
83%
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Scheme 22. Different ratios between syn and anti addition due to face accessibility. 
 
Concerning the ionic scenario, thermal initiation and the presence of radical inhibitors 
(e.g. molecular oxygen) are required. Two possible scenarios are envisioned in this 
ionic mechanism, a chloronium cation and PhICl acting as nucleophile, or a iodonium 
cation and chloride as nucleophile.[64] 
 
Vicinal dichlorinations are usually anti-selective. This selectivity can be explained 
through a direct opening of the initial chloronium ion (Scheme 23, path A) or through 
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an anchimeric assistance of a solvent molecule or of the neighbouring chlorine in the 
reductive eliminination of the hypernucleofuge iodine(III) (Scheme 23, path B). Syn-
addition can be rationalisated by the chloride direct SN2 reaction on the carbon bearing 
the hypervalent iodine (Scheme 23, path C). An alternative concerted pathway was also 
discussed by theory.[65] 
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Cl
Cl IPh
R R1
Cl
Cl
ICl
Ph
Cl
R R1
Cl
I PhCl
R R1Cl
Cl
R R1
Cl
Cl
I
Cl
Cl
R
R1
A
B
C
D
 
Scheme 23. Ionic vicinal alkene dichlorination mechanism; A) Chloronium ion opening; B) Neighbour 
group anchimeric assistance; C) SN2 at the iodinated carbon intermediate; D) Concerted pathway. 
 
Vicinal difluorination is less explored than the dichlorination due to the instability of 
the corresponding hypervalent iodine reagents and their trend to perform 
rearrangements, which lead to geminal difluorination.[66] Hara and Yoneda used p-
(difluoroiodo)toluene to fluorinate cyclohexene and different terminal alkenes with HF 
as additive.[67] In this particular reaction, HF assists the dissociation of one of the 
ligands of the hypervalent iodine, enhancing its electrophilicity. After the opening of the 
iodonium cation, a second fluoride triggers the reductive elimination providing the final 
syn-product (Scheme 24a). If the fluoride attacks the vicinal carbon instead of the ipso 
one, rearrangement processes take place (Scheme 24b). This outcome is typical in 
trisubstituted and aryl substituted alkenes.[68] The migration can be also explained 
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through the dissociation of the hypervalent iodine and a Wagner-Meerwien-type 
migration within the cationic intermediate.[69] 
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Scheme 24. a) Vicinal difluorination; b) Geminal difluorination with carbon migration. 
 
Catalytic versions of the alkene difluorination were recently reported by Gilmour[70] and 
Jacobsen[71] independently. In the first case, terminal unactivated alkenes were 
difluorinated with good yields employing 20 mol% of p-iodotoluene and Selectfluor® as 
terminal oxidant (Scheme 25a), while Jacobsen´s vicinal difluorination admits terminal 
unactivated alkenes as well as internal ones (including %,"&unsaturated amides). 
However, yields drop to almost stoichiometric conversion (27% yield) in the latter, if no 
supportive aromatic substitution in the alkene is present (Scheme 25b). 
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Scheme 25. Catalytic vicinal difluorination; a) Gilmour; b) Jacobsen. 
 
Fluorooxycyclisation of unsaturated alcohols and carboxylic acids were described by 
Hara and Yoneda. In this reaction, intramolecular oxygenation and intermolecular 
fluorine incorporation lead to fluorinated cyclic ethers or lactones (Scheme 26).[72] 
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Scheme 26. Fluorooxycyclisation of unsaturated alcohols and carboxylic acids. 
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Following the similar pyridinium halide salt methodology, Lupton described the vicinal 
anti-dibromination of "-methylstyrene in 80% yield. In this particular scenario, it is 
possible to avoid intramolecular cyclisations (see Scheme 27a),[73] which does not occur 
with the isolated 1-bromo-3,3-dimethyl-1,3-dihydro-1-#3-benzo[d][1,2]iodoxole. 
(Scheme 27b).[74] Shortly thereafter,  catalytic version of the latter reaction was 
developed by the same author with NBS as terminal oxidant (81-98% yield).[75] 
 
X PIDA, Py·HBr
CH2Cl2, r.t., 6 h
X Br
Br
If X = OH, 68%
If X = NHBn, 60%
a)
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BrCDCl3, r.t., 15 h
99%
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Scheme 27. a) Py"HBr based vicinal dibromination; b) Bromo-benzodioxole-mediated cyclisation. 
 
Dioxygenation is one of the most studied I(III)-mediated vicinal difunctionalisation. 
Several methods have been developed, including PIFA,[76] µ-oxodiiodo-diphenyl 
triflate,[77] µ-oxodiiodo-diphenyl diperchlorate,[77,78] or Koser reagents.[77,79] With these 
hypervalent iodines, cis-dioxygenation occurs following the mechanism depicted in 
Scheme 28. These products can be easily hydrolysed to the corresponding free diols. 
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Scheme 28. a) Dioxygenation reagents; b) Dioxygenation mechanism. 
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Scheme 29. Kang and Gade’s dioxygenation. 
 
Due to the diminished electrophilicity of the iodine nucleus, PIDA does not react 
directly with alkenes. In 2011, Gade and Kang described that the alkene diacetoxylation 
mediated by PIDA can be accelerated in presence of a strong Brønsted acid. This way, 
the protonolysis of one of the acetates arrives at a more cationic character at the I(III) 
core, whose electrophilicity is strongly enhanced. The presence of only 5 mol% triflic 
acid in the reaction media promotes a clean diacetoxylation[80] (Scheme 29). This 
methodology was tested with mono-, di-, and trisubstituted alkenes, including stryrene 
derivatives with good to excellent yields. '-Alkenyl carboxylic acid renders an 
intramolecular dioxygenation product, while the related phenyl-substituted alkene 
undergoes phenyl migration giving a final geminal dioxygenated product. Wirth also 
developed the latter reaction, without the need of an activating agent in 87% yield.[81] 
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At the same time, Li reported a related effect when a Lewis acid was used. BF3"OEt2 
activates PIDA affording the dioxygenation of several alkenes.[82] Recently, Shafir 
demonstrated unequivocally the actual role of these activating agents in an elegant 
mechanistic and structural study. While triflic acid activates the hypervalent iodine 
through protonolysis of one of the acetates and exchange by triflate, a Lewis acid, such 
as BF3, coordinates to the carboxylate and therefore enhances the electrophilicity at the 
iodine centre.[83] 
 
The different diasteroselectivity in the outcome of this reaction can be explained by a 
Woodward[84] or a Prévost[85] mechanism. Here, the acetoxonium intermediate 
undergoes ring opening through another acetate (Prévost mechanism), or a water 
molecule attacks the central carbocation forming an acetoxy-hydroxy intermediate that 
after acetylation, gives the final compound (Woodward mechanism). Direct acetate-
derived SN2 reaction at the iodooxygenated intermediate also leads to a Woodward-type 
product (Scheme 30).  
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Scheme 30. Woodward and Prévost mechanism following hypervalent iodine addition to alkenes. 
 
Some attempts to perform this reaction under catalytic amount of hypervalent iodine 
were reported by Li,[86] although the potential contribution of a background reaction 
could not be excluded.[87] 
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Although some tetrahydrofurans were synthesised previously,[81] Fujita developed an 
interesting intramolecular dioxygenation that leads to the formation of such derivatives. 
One example with an interesting 100%-selectivity is described and explained through a 
Woodward mechanism (Scheme 31).[88] 
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Scheme 31. Fujita’s silyl-substituted THF synthesis through intramolecular alkene oxygenation. 
 
Another interesting cyclisation, but with a nitrogen nucleophile, was first described by 
Domínguez. In this reaction, intramolecular aminoxygenation takes place. The authors 
propose that the hypervalent iodine coordinates to the nitrogen and then, an electrophilic 
nitrogen is produced upon heterolysis and attacked by the alkene. The aziridinium 
intermediate undergoes nucleophilic opening by the remaining trifluoroacetate (or other 
nucleophile present, e.g. sodium thiophenolate[89]) affording the final compound 
(Scheme 32).[90] 
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Scheme 32. Dominguez’ indoline derivatives synthesis. 
 
Wardrop and Bowen applied this methodology in the synthesis of the alkaloids (-)-
swainsonine[91] and (+)-castanospermine[92] (Scheme 33). 
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Scheme 33. Tellitu-Dominguez’ methodology applied to alkaloid synthesis. 
 
In 2010, Michael described the 6-endo version of this reaction.[93] This endo selectivity 
was preferable in different ring sizes (5-, 6-, 7-member rings) and substitution. Few 
substrates gave 5-exo product, mainly because the trifluoroacetate is preferably attached 
to a carbon that stabilises better the carbocation (Scheme 34). The same group also 
developed an oxidative cyclisation of urea-tethered alkenes, leading to aminoxygenated 
products in good to excellent yields.[94] 
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Scheme 34. Intramolecular aminoxygenation with (general) 6-endo selectivity. Selected examples. 
 
In 2012, Li developed an intramolecular aminofluorination with an excellent 6-endo 
selectivity without the need of preforming the difluoroiodoarene (see Scheme 35a).[95] 
Catalytic version was described two years later by Kita and Shibata with the use of 15 
mol% of p-iodotoluene and mCPBA as terminal oxidant, affording 31-77% yield.[96] In 
2013, Nevado developed the stoichometric intermolecular version with styrenes as 
substrates (Scheme 35b). When the difluoride I(III) reagent reacts in presence of  N-
methyl tosylamide, the corresponding aminofluorinated product is obtained in good 
yields with complete regioselectivity. The main drawback of this methodology is the 
requirement of a six-fold excess of starting material in order to obtain good yields. 
Moreover, a diaminated byproduct was also formed in less than 15%.[97] 
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Scheme 35. a) Li’s intramolecular aminofluorination; b) Nevado’s intermolecular aminofluorination. 
 
Regarding intramolecular cyclisations, in 2014 Muñiz developed an elegant indole 
synthesis. These important aromatic compounds were obtained with the use of an in situ 
generated modified Koser reagent.[98] Control experiments show a migration of the 
substituent in the positions 2 and 3 of the final indole with regard to the vinylanilines 
(Scheme 36a). The possible mechanism that explains this shift involve a 
cyclopropanation through ring dearomatisation after the hypervalent iodine addition to 
the alkene. The nucleophilic attack of the nitrogen opens the cyclopropane and the later 
sulfonic acid elimination drives to the final product (Scheme 36b). The catalytic version 
of this reaction was also essayed with good yields when p-iodoanisole and mCPBA 
were used.[98] 
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Scheme 36. Muñiz’ indol synthesis. a) Deuterium labelling experiments. b) Proposed mechanism. 
 
A first intramolecular vicinal diamination reaction was reported by Moriarty in 1986. 
This diazidonation uses PhIO in combination with NaN3 in AcOH to obtain the desired 
alkene difunctionalisation. This methodology allows for an easy diamination of several 
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alkenes, although the radical conditions were not compatible with most functional 
groups.[99] 
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Scheme 37. Moriarty’s diazidonation. 
 
Since 2011, Muñiz have reported several syntheses of new hypervalent iodine species 
bearing bissulfonamide groups at the iodine centre.[100] These achiral iodine(III) species, 
isolated or generated in situ (see Figure 7) from different bissulfonamides 
(bistosylimide, bismesylimide, etc.), were applied to intermolecular reactions such as 
the amination of alkenes,[100a,101] allylic positions,[102] acetylenes,[103] di- and trienes,[104] 
%-ketones[100a] or allenes[105] with good to excellent yields. These reagents (or related 
ones) were also used later by other groups for intramolecular diamination reactions,[106] 
or as in Minakata’s work, where a decarboxylative amination was performed.[107] Some 
years later, Wirth also reported the intramolecular version using ureas or 
diaminosulfones as tethered motives and a combination of PIDA and TMSOTf  as 
reagents.[108] 
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Figure 7. Hypervalent iodine and bistosylimide combination employed in amination reactions.
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2.2. RESULTS AND DISCUSSION 
 
When dioxygenation reactions of alkenes with tosylates, percholarates or 
trifluoroacetates[76-79] are compared with the related diamination, a different 
stereochemical outcome is observed. While the first ones give a syn-difunctionalisation, 
the latter provides a trans-configured product [101] (Scheme 38). Trans-dioxygenation is 
only obtained through a Prévost mechanism when PIDA is used.[82] Drawing an 
analogous pathway, the stereochemical outcome of the diamination suggests an 
intramolecular displacement of the hypervalent iodine. 
 
N(SO2R)2XO
XO N(SO2R)2
Diamination
conditions
Dioxygenation
conditions
n = 1
X = Ts, ClO3, OCCF3
n nn
n = 0
 
Scheme 38. Difference in the stereochemical outcome between dioxygenation and diamination. 
 
In order to understand this mechanism, Ignacio Funes from the group of Professor 
Maseras performed several computational calculations using previous experimental 
evidences as a guide-line.[109] Previous experiments using hypervalent iodine reagents 
with isotopically labelled nitrogen that were done in the group (see Scheme 39)[100] 
show that the dissociation of the nitrogen species from the iodine readily happens in 
solution. This behaviour allows the creation of a vacancy at the iodine centre that can be 
occupied by the alkene. According to the theoretical calculations, this dissociation step 
represents the highest energy barrier of the whole diamination process with 17.1 kcal 
mol-1 (see Figure 8). 
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Scheme 39. Dinamic behaviour of bissulfonylimido groups in solution. 
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Figure 8. Calculated free energy profile [kcal mol-1] for the diamination of styrene. Theoretical 
calculations carried out by I. Funes.[107] 
 
Regarding the calculated mechanism, it is surprising that after I(III) coordination to the 
alkene,  the first bismesylimide attacks the system through an oxygen atom, although 
some precedents of the ambivalent behaviour of bissulfonimides had been described in 
the literature.[110]  This point was then further confirmed experimentally with the 
isolation of compound 4. When 1,1-diphenyl ethylene 1 was reacted under standard 
diamination conditions, a mixture of tolane 3 and the enol derivative 4 were obtained. 
Formation of 4 is rationalised by coordination of the hypervalent iodine to the alkene 
followed by oxygenation with ambident bismesylimide 2 (Scheme 40, intermediate A). 
Loss of the iodine(III) induces a pinacol rearrangent to intermediate B, which upon 
elimination gives 4. This phenyl migration with hypervalent iodine is not something 
surprising since related migrations have been reported.[68,111] Tolane 3 was formed 
directly through competitive rearrangements resulting from coordination of 1 to PIDA, 
or through a syn-elimination (via intermediate C) from compound 4. The latter was 
corroborated by clean transformation of isolated 4 into 3. In this particular substrate 1, 
anhydrous conditions were essential to avoid the formation of ketone through the 
insertion of water instead of bismesylimide.[111] 
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Scheme 40. Experimental proof for an initial C-oxygenation with the PIDA/bismesylimide system. 
 
The second important conclusion from this computational study is that an 
intramolecular displacement of the hypervalent iodine is favoured over the 
intermolecular one. Hence, the first C-N bond formation includes a five-membered state 
reminiscent to the Woodward-Prévost intermediate. This intermediate reacts with an 
external bismesylimide forming the final diamination product. Interestingly, the 
reductive elimination of the iodine(III) reagent possesses the second highest energetic 
barrier (16.1 kcal mol-1) after the initial dissociation of the bismesylimide (17.1 kcal 
mol-1). 
 
In order to prove these limiting steps, physical-organic contro experiments were 
envisaged. To this end, different p-substituted hypervalent iodine compounds were 
synthesised and kinetic studies were carried out subsequently.[112] 
 
The classical synthesis of this type of hypervalent reagent[100] is given by the parent 
phenyl derivative. It involves the initial formation of the dimeric µ-oxo-bridged 
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iodine(III) derivative 7a, which undergoes protonolysis with bistosylimide to afford the 
bisimido-hypervalent iodine 8a (see Scheme 41). 
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Scheme 41. Classical synthesis of (bisimidoiodo)benzene. 
 
The treatment of this #3-iodane 8a with styrene 9a in dichloromethane gives the 
diaminated product 10a in high yield of 80% (Scheme 42).[100] 
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Scheme 42. General diamination reaction. 
 
Experiments to determine the order of this diamination reaction were carried out first. 
By mixing 0.065 or 0.13 mmol of styrene 9a and 0.13 mmol of the preformed 
iodine(III) compound 8a in CD2Cl2, the order of the reaction in styrene 9a was 
determined. The reaction was monitored by acquisition of a 1H NMR experiments every 
37 seconds. The initial rates were deduced from the slopes of the respective curves 
correlating the initial reaction times versus the conversion of styrene 9a (Figure 9).  
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Figure 9. Diamination reaction rate for different styrene concentration. 
 
By means of the slopes of the two plots the styrene order in the diamination reaction 
was determined to be 0.  
 
This zero-order dependence implies that the reaction is not related to the amount of 
styrene 9a. 
 
To determine the dependence of the initial rate on hypervalent iodine, the reaction was 
carried out with 0.065 or 0.13 mmol of hypervalent iodine 8a and 0.13 mmol of styrene 
9a. Data are depicted in Figure 10. 
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Figure 10. Diamination reaction rate for different concentrations of hypervalent iodine. 
 
The hypervalent iodine order was determinated in a similar way as the one for styrene. 
In the present case, an order of 1 was calculated, showing a linear dependence of the 
rate with the amount of hypervalent iodine. 
 
 
With this data in hand, we proceeded to synthesise different p-substituted hypervalent 
iodines. These syntheses were achieved through a two step process starting from the 
synthesis of a µ-oxo-I(III) intermediate as previously described in Scheme 41. This 
proceeding[100] was very efficient for all the tested substrates, affording quantitative 
yields in all those cases. Alternatively, these reagents 8a-e can be obtained in a 
quantitative yield within a single transformation from the diacetoxyiodoarenes 5a-e (see 
Scheme 43). 
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I
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X
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7b (99%)
7c (99%)
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8c (99%)
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8e (99%)
5a (X = H)
5b (X = CF3)
5c (X= Cl)
5d (X = Me)
5e (X = OMe)
MeOH
I OMeTs2N
X
11a (33%)
11d (32%)
HNTs2
(4 equiv.)
C6H5Cl, 55 ºC
HNTs2
(2 equiv.)
CH2Cl2, 25 ºC
CH2Cl2, 
25 ºC
Ts2N
O
I
NTs2
X
2 2
2
 
Scheme 43. Synthesis of 4-substituted aryliodine(III) derivatives. 
 
The hypervalent iodines 7d, 7e, 8d, 8e with electron-donor substituents result less stable 
than their counterparts with electron-withdrawing-substituent, since it was impossible to 
obtain accurate mass spectra for the p-iodoanisole derivatives 8d and 8e. When the µ-
oxo-bridged I(III) compounds 7a and 7d were treated with methanol, the corresponding 
mixed species 11a and 11d were obtained. These stable compounds 7a-e can serve as 
effective precursors to the reactive bisimidoiodine(III) compounds 8a-e upon treatment 
with an additional equivalent of HNTs2. In addition, crystal structures from compounds 
7b and 11d were obtained thereby unambiguously confirming the constitution of these 
new derivatives (Figure 11). 
 
  
a) b)
 
Figure 11. X-Ray structure of a) Compound 7b; b) Compound 11d. 
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With all these new species 8a-e characterised, we explored the kinetic profile for each 
one of them independently. For this purpose, p-fluorostyrene was chosen as substrate 
due to the facility to follow its diamination reaction by 19F NMR. Hexafluorobenzene 
was introduced as internal standard charging an NMR tube with the corresponding 
reagent ArI(NTs2)2 8 (1 equiv.), C6F6 (5 equiv.), 4-fluorostyrene 9b (0.2 mmol, 5 
equiv.) and 0.6 mL of CD2Cl2. The reaction profile was determinated by 19F NMR 
spectroscopy recording individual spectra within an interval of 1 minute (Figure 12). 
 
F
ArI(NTs2)2 8 (0.2 equivl)
CD2Cl2, C6F6 (1 equiv.)
F
NTs2
NTs2
9b 10b  
Figure 12. Kinetic profiles for diamination of 9b with iodine(III) reagents 8a-e. 
 
Focussing at the initial rates within the outset of the reactions, it is possible to determine 
the individual slopes for the diamination based on 8a-e (Figure 13). 
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Figure 13. Initial rates for diamination of 9b. 
 
Using these slopes for the determination of the relative ratios of rates, it is possible to 
quantify the results by a Hammett correlation (Figure 14). 
 
 
Figure 14. Hammet plot for derivatives 8a-e in diamination of styrene 9a. 
 
From these experiments it is possible to estimate that the p-methyl derivative 8d 
exercises the highest reaction rate (Figure 12). However, the initial rate for the p-
methoxy derivative 8e was found almost identical (Figure 13). In fact, the Hammett plot 
(Figure 14) shows an almost identical behaviour for electron-donating sustituents. In 
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contrast, electron-defficient derivatives 8b and 8c display significant lower conversion 
in a comparable reaction time and show the expected linear correlation between them. 
 
Returning to the two possible limiting steps of the overall reaction (Figure 8), if the 
important one to hold in account is the reductive elimination of the hypervalent iodine, 
an acceleration of the reaction is expected when electron-withdrawing groups are 
conjugated to the I(III) centre (Figure 15b). On the other hand, if dissociation of the 
nitrogen ligand kinetically modulates the reaction, electron-donating groups on the 
iodine centre help to stabilise the dissociated intermediate (Figure 15a). 
 
[PhI(NMs2)2]
Styrene
(0.0)
[PhI(NMs2)]
NMs2
(+17.1)
Styrene
(+4.0)
TS (+20.1)
 (-15.1)
PhI
Ph
O
S
O
N Ms
Ph
O
S
O
N Ms
PhI
Ph
S N
O
O
Ms
NMs2
NMs2
PhI
NMs2
+
b)a)
 
Figure 15. Energetically most demanding steps calculated for the diamination reaction mechanism. 
 
In our case, electron-donating substituents accelerate the reaction and therefore, the 
rate-determining step should be the dissociation of the nitrogen ligand (Figure 15a). An 
important point implies that the relation between the donor substituent and the overall 
rate needs to be balanced in a way that the electrophilic character at iodine centre is not 
excessively reduced due to an excessive electronic stabilisation, as it seems to happen in 
the case of the p-methoxy substituent. 
 
Concerning chiral aryl iodides, in 2011 Muñiz reported the possibility to obtain an 
enantioselective diamination of styrenes with a C2-symmetric hypervalent iodine 
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reagent bearing two lactate side chains.[113] In that case, bismesylimide was the best 
nitrogen source rendering the highest enantiomeric excesses. All attempts to isolated the 
underlying reactive species were unsuccessful, however, based on the success using 
bistosylimide, a related chiral iodine(III) compound could now be isolated for the first 
time. 
 
Displacement of the acetoxy ligands in 5f generates the µ-oxo-briged compound 7f, the 
structure of which was unambiguously confirmed by single crystal X-ray diffraction 
analysis. This is the first time that solid state structural information of a chiral I(III) 
bearing a bisimido group can be obtained. Compound 7f can be further converted into 
the bisimido derivative 8f using the standard procedure, but this reaction does not 
proceed in a quantitive manner. However, the direct transformation from 5f to 8f 
through protonolysis with two equivalents of the nitrogen source is possible in a 
quantitative way (Scheme 44). 
 
 
I NTs2
O OMe
OTs2N
I OAc
O OMe
OAcO
HNTs2
5f 7f
8f
HNTs2 C6H5Cl, 
55 ºC
I OTs2N I NTs2
OMeO
O
O OMe
O
HNTs2, H2O
CH2Cl2, 25 ºC
 
Scheme 44. Synthesis of chiral iodine(III) compounds 7f and 8f. 
 
Kinetic experiments at room temperature with this new chiral species reveal a fast 
conversion of p-fluorostyrene, giving 50% diamination product in only 8 minutes (see 
Figure 16). This velocity is well comparable with the other aryliodides bearing electron-
donating groups discussed in this section (see Figure 12). 
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Figure 16. Kinetic diamination profile with reagent 8f. 
 
Despite the fact of promoting a good and fast conversion of styrene into the 
corresponding 1-phenyl ethylene diamine 10a, reagent 8f provides only low 
enantiomeric excess (24% ee at r.t., 30% ee at 0 ºC) when compared with the parent 
bislactate reagent 12 (80% ee at 0 ºC) (see Scheme 45). This result suggests that two 
lactic side chains are the requirement for high enantioselectivity in this type of vicinal 
diamination. In any case, the successful reaction with 8f supports the assumption that 
defined iodine(III)-nitrogen bonds are present in the active reagent that is involved in 
the enantioselective diamination of styrenes. 
 
CH2Cl2, 0 ºC
NTs2
NTs2
9a (S)-10a
reagent
50%, 30% ee
64%, 80% ee
I(OAc)2
OO CO2MeMeO2C
128f (1.2 equiv)
12 (1.2 equiv)/HNTs2 (2.4 equiv)
reagent:
 
Scheme 45. Enantiomeric diamination of styrene. 
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2.3. CONCLUSIONS 
 
In this section, a mechanistic study of the vicinal diamination reaction mediated by 
hypervalent iodine reagents has been described. Initial computational studies were 
carried out in Professor Maseras’ group. Experimental evidence for an intial oxygen 
insertion in the oxidation reaction was obtained through X-ray analysis of a product 
from reaction of %-phenyl styrene. Bisimidoiodoarenes with different p-substituents at 
the arene core were synthesised and individual kinetic profiles were measured. From 
these experiments, an unexpected acceleration in the reactions of iodine reagents 
bearing donor substituents at the aryl moiety was observed. This behaviour 
discriminates the most demanding step in the mechanism, suggesting that the initial 
ligand dissociation to form a cationic I(III) is the limiting step. Chiral hypervalent 
iodine(III) reagents bearing defined nitrogen ligands were described for the first time, 
obtaining in one of the cases a single crystal X-ray structure. The expected kinetic 
acceleration for such chiral compounds due to the ortho-donating substituent was 
indeed observed, completing the reaction in 8 minutes. However, a lower chiral 
induction was detected compared with the parent in situ-generated bislactate 
derivatives, showing the importance of both lactate-based chains for an effective 
enantioinduction. 
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2.4. EXPERIMENTAL SECTION 
 
2.4.1. General procedures 
 
Isolation of (E)-1,2-diphenylvinyl N-methylsulfonylmethanesulfonimidate (4) 
In a flamed and dried schlenk flask containing a solution of PhI(OAc)2 (1.2 equiv.) in 
CH2Cl2 (0.75 mL), HNMs2 (2.4 equiv.) and 1,1-diphenylethylene (0.3 mmol) were 
added. The reaction was stirred at room temperature overnight. The solvent was 
removed under reduced pressure and the residue was purified by column 
chromatography (silicagel, n-hexane/EtOAc, 3/1, v/v) to give tolane (40%) and the title 
compound. The latter was diluted in CH2Cl2 and washed with KOH (1M) to remove 
contamination by HNMs2 to give pure material (25%) as a white solid. 
 
Conversion of compound 4 into tolane 3 
In a flamed and dried schlenk flask, (E)-1,2-diphenylvinyl N-
methylsulfonylmethanesulfonimidate 4 (0.1 mmol) was disolved in CH2Cl2 (0.25 mL) 
and stirred at 40 ºC overnight. The solvent was removed under reduced pressure and the 
residue was analysed by GC-MS to observe tolane 3 as the only product. This 
experiment confirms the synthetic possibility to convert 4 into 3, presumably through a 
concerted syn-elimination pathway. 
 
General procedure for syntheis of µ-Oxo-bis[(4-methyl)-N-
tosylbenzenesulfonamidyl(aryl)iodine] (7) 
To a solution of the corresponding (diacetoxyiodo)arene 5 (0.3 mmol, 2 equiv.) in 
CH2Cl2 (0.6 mL), HNTs2 (0.3 mmol, 2 equiv.) was added in one portion and the 
reaction mixture was stirred at room temperature overnight. Then, cyclohexane was 
added and the solvent was removed under reduced pressure. Twice more, CH2Cl2 and 
cyclohexane were added and removed under reduced pressure. After drying under 
reduced pressure, the corresponding iodine(III) compound was obtained in quantitative 
yield. 
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General procedure for synthesis of bis[(4-Methyl)-N-
tosylbenzenesulfonamidyl]iodosoarene (8) 
To a solution of the corresponding (diacetoxyiodo)arene 5 (0.3 mmol, 1 equiv.) in 
chlorobenzene (1.5 mL), HNTs2 (0.6 mmol, 2 equiv.) was added and the reaction 
mixture was stirred at 55 ºC. The solvent was removed under reduced pressure. Three 
times, chlorobenzene was added and removed under reduced pressure. After drying 
under reduced pressure, the corresponding iodine(III) compound was obtained in 
quantitative yield. 
 
General procedure for synthesis of Methoxy[(4-methyl)-N-
tosylbenzenesulfonamidyl]iodosoarene (11) 
To a solution of diacetoxyiodoarene 5 (1 mmol, 1 equiv.) in chlorobenzene (3.7 mL) 
and H2O (1 equiv.), HNTs2 (1 equiv.) was added and the reaction mixture was stirred at 
55 ºC. The solvent was removed under reduced pressure. Three times, chlorobenzene 
was added and removed under reduced pressure. After drying under reduced pressure, 
the corresponding iodine(III) compound 7 was obtained as a yellow solid. To this solid, 
MeOH was added until a white suspension was formed at 4 ºC. Filtration provided the 
title compounds in pure form. 
 
Kinetic measurement of diamination reaction with diferent iodine(III) reagents 4 
In a NMR tube, the respective reagent ArI(NTs2)2 8 (1 equiv.), C6F6 (5 equiv.) and 4-
fluorostyrene 9b (0.2 mmol, 5 equiv.) were dissolved in CD2Cl2 (0.6 mL). The reaction 
progress was monitored by 19F NMR spectroscopy recording individual spectra within 
an interval of 1 minute. 
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2.4.2 Compound characterisation 
 
(E)-1,2-Diphenylvinyl N-methylsulfonylmethanesulfonimidate (4) 
Isolated according to the proceeding in 25% yield as white solid. 
1H-NMR (400 MHz, CDCl3): ( = 3.11 (s, 3H), 3.15 (s, 3H), 7.01 (s, 
1H), 7.10-7.14 (m, 2H), 7.19-7.21 (m, 3H), 7.36-7.41 (m, 3H), 7.46-
7.50 (m, 2H). 13C-NMR (100 MHz, CDCl3): ( = 42.6, 44.2, 124.8, 
128.4, 128.6, 129.1, 129.2, 129.7, 130.3, 132.6, 132.8, 146.5. IR 
)(cm-1): 3073, 3053, 3039, 3024, 3010, 2928, 1647, 1603, 1575, 
1498, 1447, 1407. HRMS (ESI+): calc. for [C16H17NNaO4S2]: 374.0491; found: 
374.0481. m.p.: 76-78 ºC. 
 
µ-Oxo-bis[(4-methyl)-N-tosylbenzenesulfonamidyl(p-trifluoromethyl-
phenyl)iodine] (7b) 
Isolated according to the proceeding as white solid in 
99% of yield. 
1H NMR (400 MHz, DMSO-d6): # = 2.32 (s, 12H), 
7.15 (d, J = 8.0 Hz, 8H), 7.52 (d, J = 8.1 Hz, 8H), 7.99 
(d, J = 8.3 Hz, 4H), 8.39 (d, J = 8.1 Hz, 4H). 13C NMR (100 MHz, DMSO-d6): # = 
20.8, 123.4 (q, J = 272 Hz), 126.2, 127.9 (q, J = 4 Hz), 128.3, 131.9 (q, J = 33 Hz), 
134.7, 138.2, 139.8, 143.3. 19F-NMR (376 MHz, DMSO-d6): # = -61.3. IR )(cm-1): 
3095, 3048, 2924, 1595, 1398, 1335, 1316, 1142, 1081, 1065, 938. HRMS (MALDI+): 
calc. for [C21H18F3INO4S2]+: 595.9668; found: 595.9671. m.p. (ºC): 147-148. 
 
bis[(4-Methyl)-N-tosylbenzenesulfonamidyl]iodoso-p-trifluoromethylbenzene (8b) 
Isolated according to the proceeding as white solid in 99% of 
yield. 
1H NMR (400 MHz, DMSO-d6): ( = 2.33 (s, 12H), 7.18 (d, J = 
8.0 Hz, 8H), 7.54 (d, J = 8.1 Hz, 8H), 7.99 (d, J = 8.4 Hz, 2H), 
8.39 (d, J = 8.3 Hz, 2H). 13C NMR (125 MHz, DMSO-d6): ( = 20.9, 123.5 (q, J = 273 
Hz), 126.5, 127.8, 128.7, 131.9 (q, J = 33 Hz), 134.9, 138.3, 141.3, 141.4. 19F-NMR 
(376 MHz, DMSO-d6): ( = -61.3. IR )(cm-1): 3157, 3097, 1595, 1493, 1448, 1399, 
O
SO N
SO O
I
Ts2N
O
I
NTs2
CF3
F3C
I
Ts2N
F3C
NTs2
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1359, 1336, 1316, 1164, 1143, 1082, 1065, 1044, 1020, 999. HRMS (MALDI+): calc. 
for [C21H18F3INO4S2]+: 595.9668; found: 595.9705. m.p. (ºC): 162-165. 
 
µ-Oxo-bis[(4-methyl)-N-tosylbenzenesulfonamidyl(p-chloro-phenyl)iodine] (7c) 
Isolated according to the proceeding as white solid in 99% 
of yield. 
1H NMR (400 MHz, DMSO-d6): ( = 2.31 (s, 12H), 7.14 
(d, J = 7.8 Hz, 8H), 7.52 (d, J = 7.8 Hz, 8H), 7.68 (d, J = 
8.0 Hz, 4H), 8.20 (d, J = 7.6 Hz, 4H). 13C NMR (100 MHz, DMSO-d6): ( = 20.9, 
121.4, 126.2, 128.2, 131.2, 136.3, 137.4, 139.6, 143.8. IR )(cm-1): 3089, 2919, 1596, 
1494, 1469, 1390, 1332, 1306, 1288, 1143, 1082, 1020, 997. HRMS (MALDI+): calc. 
for [C20H18ClNO4S2I]+: 561.9405; found: 561.9368. m.p. (ºC): 169-170. 
 
bis[(4-Methyl)-N-tosylbenzenesulfonamidyl]iodoso-p-chlorobenzene (8c) 
Isolated according to the proceeding as white solid in 99% of yield. 
1H NMR (400 MHz, DMSO-d6): ( = 2.33 (s, 12H), 7.18 (d, J = 7.9 
Hz, 8H), 7.54 (d, J = 8.1 Hz, 8H), 7.69 (d, J = 8.6 Hz, 2H), 8.22 (d, 
J = 8.7 Hz, 2H). 13C NMR (100 MHz, DMSO-d6): ( = 20.9, 126.3, 128.5, 130.6 131.2, 
136.3, 138.9, 140.6, 142.2. IR )(cm-1): 3156, 2921, 1596, 1494, 1469, 1359, 1334, 
1305, 1164, 1143, 1082, 1019, 998. HRMS (MALDI+): calc. for [C20H18ClINO4S2]+: 
561.9405; found: 561.9379. m.p. (ºC): 154-156. 
 
µ-Oxo-bis[(4-methyl)-N-tosylbenzenesulfonamidyl(p-methyl-phenyl)iodine] (7d) 
Isolated according to the proceeding as white solid in 99% of 
yield. 
1H NMR (400 MHz, DMSO-d6): ( = 2.31 (s, 12H), 2.42 (s, 
6H), 7.14 (d, J = 7.9 Hz, 8H), 7.41 (d, J = 8.7 Hz, 4H), 7.52 
(d, J = 8.0 Hz, 8H), 8.10 (d, J = 8.7 Hz, 4H). 13C NMR (100 MHz, DMSO-d6): ( = 
20.9, 21.1, 120.2, 126.1, 128.2, 131.7, 134.8, 139.5, 143.1, 143.8. IR )(cm-1): 3029, 
2919, 1596, 1493, 1399, 1329, 1305, 1288, 1207, 1187, 1159, 1143, 1119, 1082, 1020, 
1000, 956. HRMS (MALDI+): calc. for [C21H21INO4S2]+: 541.9951; found: 541.9922. 
m.p. (ºC): 160-161. 
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bis[(4-Methyl)-N-tosylbenzenesulfonamidyl]iodoso-p-methylbenzene (8d) 
Isolated according to the proceeding as white solid in 99% of yield. 
1H NMR (400 MHz, DMSO-d6): ( = 2.32 (s, 12H), 2.42 (s, 3H), 
7.17 (d, J = 8.0 Hz, 8H), 7.42 (d, J = 8.1 Hz, 2H), 7.53 (d, J = 8.2 Hz, 
8H), 8.11 (d, J = 8.3 Hz, 2H). 13C NMR (125 MHz, DMSO-d6): ( = 20.9, 21.1, 126.4, 
128.7, 131.5, 131.8, 134.9, 136.9, 141.2, 141.4. IR )(cm-1): 3050, 2925, 1908, 1710, 
1595, 1491, 1472, 1452, 1395, 1343, 1326, 1305, 1231, 1207, 1184, 1148, 1120, 1081, 
1043, 1017, 993. HRMS (MALDI+): calc. for [C21H21INO4S2]+: 541.9951; found: 
541.9956. m.p. (ºC): 136-141. 
 
µ-Oxo-bis[(4-methyl)-N-tosylbenzenesulfonamidyl(p-methoxy-phenyl)iodine] (7e) 
Isolated according to the proceeding as white solid in 
99% of yield. 
1H NMR (400 MHz, DMSO-d6): ( = 2.31 (s, 12H), 
3.85 (s, 6H), 7.10-7.16 (m, 12H), 7.52 (d, J = 8.1 Hz, 
8H), 8.16 (d, J = 6.8 Hz, 4H). 13C NMR (100 MHz, DMSO-d6): ( = 20.9, 55.8, 113.5, 
116.7, 126.2, 128.2, 137.5, 139.7, 143.7, 162.3. IR )(cm-1): 2920, 1572, 1487, 1457, 
1403, 1328, 1301, 1250, 1175, 1141, 1080, 1019, 946. MS (MALDI+): 558.1. m.p. 
(ºC): 132-134. 
 
bis[(4-Methyl)-N-tosylbenzenesulfonamidyl]iodoso-p-methoxybenzene (8e) 
Isolated according to the proceeding as white solid in 99% of 
yield. 
1H NMR (400 MHz, DMSO-d6): ( = 2.33 (s, 12H), 3.84 (s, 3H), 
7.13 (d, J = 8.8 Hz, 2H), 7.19 (d, J = 7.8 Hz, 8H), 7.55 (d, J = 7.9 Hz, 8H), 8.18 (d, J = 
8.7 Hz, 2H). 13C NMR (100 MHz, DMSO-d6): ( = 20.9, 55.8, 113.5, 116.8, 126.4, 
128.6, 137.6, 140.8, 142.0, 162.4. IR )(cm-1): 3096, 2922, 1595, 1569, 1484, 1442, 
1403, 1346, 1330, 1302, 1253, 1145, 1120, 1081, 1018, 918. MS (MALDI+): 558.1. 
m.p. (ºC): 131-132. 
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µ-Oxo-bridged chiral iodine(III) (7f) 
Isolated according to the proceeding as white 
solid in 99% of yield. 
1H NMR (400 MHz, DMSO-d6): ( = 1.63 (d, 
J = 6.8 Hz, 6H), 2.31 (s, 12H), 3.72 (s, 6H), 
5.30 (q, J = 6.8 Hz, 2H), 7.14-7.16 (m, 10H), 
7.24 (d, J = 8.2 Hz, 2H), 7.52 (d, J = 8.2 Hz, 8H), 7.62-7.71 (m, 2H), 8.30 (d, J = 7.6 
Hz, 2H). 13C NMR (100 MHz, DMSO-d6): ( = 18.0, 20.9, 52.5, 73.4, 113.8, 115.4, 
123.6, 126.1, 128.2, 135.6, 138.0, 139.6, 143.8, 154.4, 171.0. IR )(cm-1): 2953, 1736, 
1651, 1586, 1569, 1493, 1470, 1448, 1385, 1360, 1326, 1282, 1248, 1217, 1186, 1143, 
1099, 1080, 1051, 1017, 981. HRMS (MALDI+): calc. for [C24H25INO7S2]+: 630.0112; 
found: 630.0131. m.p. (ºC): 139-141. [!]D27 : -290.1 (c = 0.10, CH2Cl2). 
 
Chiral iodine(III) (8f) 
Isolated according to the proceeding as white solid in 99% of 
yield. 
1H NMR (400 MHz, DMSO-d6): ( = 1.63 (d, J = 6.7 Hz, 
3H), 2.33 (s, 12H), 3.72 (s, 3H), 5.30 (q, J = 6.7 Hz, 1H), 7.13-7.26 (m, 10H), 7.55 (d, J 
= 7.9 Hz, 8H), 7.67 (t, J = 7.6 Hz, 1H), 8.30 (d, J = 9.0 Hz, 1H). 13C NMR (100 MHz, 
DMSO-d6): ( = 18.0, 20.9, 52.5, 73.4, 113.8, 115.4, 123.6, 126.3, 128.5, 135.6, 138.0, 
140.7, 142.2, 154.4, 171.0. IR )(cm-1): 3155, 1738, 1595, 1493, 1469, 1377, 1356, 
1330, 1282, 1216, 1162, 1144, 1081, 1053, 1017, 980. HRMS (MALDI+): calc. for 
[C24H25INO7S2]+: 630.0112; found: 630.0001. m.p. (ºC): 146-147. [!]D27 : -233.0 (c = 
0.10, CH2Cl2). 
 
Methoxy((4-methyl)-N-tosylbenzenesulfonamidyl)iodosobenzene (11a) 
Isolated according to the proceeding as white solid in 33% of yield. 
1H NMR (400 MHz, DMSO-d6): ( = 2.31 (s, 6H), 3.17 (s, 3H), 7.14 (d, 
J = 8.0 Hz, 4H), 7.52 (d, J = 8.1 Hz, 4H), 7.60-7.64 (m, 2H), 7.69-7.73 
(m, 1H), 8.22 (d, J = 7.6 Hz, 2H). 13C NMR (100 MHz, DMSO-d6): ( = 20.9, 63.2, 
122.1, 126.2, 128.3, 131.4, 133.1, 135.5, 139.9, 143.4. IR )(cm-1): 2919; 2813, 1595, 
1493, 1469, 1446, 1334, 1148, 1080, 1019, 989. HRMS (MALDI+): calc. for 
[C20H19INO4S2]+: 527.9795; found: 527.9859. m.p. (ºC): 163-167. 
I OTs2N I NTs2
OMeO
O
O OMe
O
I NTs2
O OMe
OTs2N
I
Ts2N
OMe
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Methoxy((4-methyl)-N-tosylbenzenesulfonamidyl)-4-methyl-iodosobenzene (11d) 
Isolated according to the proceeding as white solid in 32% of yield. 
1H NMR (400 MHz, DMSO-d6): ( = 2.32 (s, 6H), 2.42 (s, 3H), 3.17 
(s, 3H), 7.16 (d, J = 8.0 Hz, 4H), 7.42 (d, J = 8.1 Hz, 2H), 7.53 (d, J = 
8.1 Hz, 4H), 8.11 (d, J = 8.2 Hz, 2H). 13C NMR (100 MHz, DMSO-d6): ( = 20.9, 21.1, 
48.6, 126.2, 128.3, 131.5, 131.7, 134.8, 136.9, 139.9, 143.1. IR )(cm-1): 3026, 2957, 
2921, 1597, 1482, 1447, 1399, 1317, 1283, 1138, 1079, 960, 805, 771, 664, 547, 506, 
483. HRMS (MALDI+): calc. for [C21H21INO4S2]+: 541.9957; found: 541.9983. m.p. 
(ºC): 132-134. 
 
I
Ts2N
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2.4.3. Kinetic studies on styrene diamination 
 
General procedure. The hypervalent iodine 8a (0.13 mmol) was charged in a NMR-
tube, followed by addition of CD2Cl2 (0.70 mL). After all solids were dissolved, styrene 
9a (0.020 mL, 0.13 mmol) was added and the reaction was monitored by acquisition of 
a 1H NMR experiment every 37 seconds. All data were collected in 500 MHz 1H NMR. 
The initial rates were represented as the slopes of time zero on the conversion curves of 
[styrene] vs time. 
I
CD2Cl2
NTs2
NTs2
8a
9a 10a
Ts2N
NTs2
 
 
2.4.3.1. Kinetic study on the dependence of the initial rate on styrene 9a 
 
The general procedure was carried out with 0.065 or 0.13 mmol of styrene 9a and 0.13 
mmol of hypervalent iodine 8a. Results are depicted in Figure EP1. 
 
Figure EP1. Diamination reaction rate for different styrene concentration. 
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The determination of the reaction order of styrene gives zero-order dependence in the 
alkene: 
 
2.4.3.2. Kinetic study on the dependence of the initial rate on Iodine(III) 
reagent 8a 
 
The general procedure was used with 0.065 or 0.13 mmol of hypervalent iodine 8a and 
0.13 mmol of styrene 9a. Results are depicted in Figure EP2. 
 
Figure EP2. Diamination reaction rate for different concentrations of hypervalent iodine. 
 
Therefore, after the appropiate calculation, the reaction showed a first-order dependence 
in the hypervalent iodine reagent: 
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2.4.3.3. Kinetic profiles for diamination of 9b with Iodine(III) reagents 
8a-e. Initial Rate Determination 
 
In a NMR tube, the respective reagent ArI(NTs2)2 8 (1 equiv.), C6F6 (23 mL, 5 equiv., 
internal standard) and 4-fluorostyrene 9b (0.2 mmol, 5 equiv.) were dissolved in 
CD2Cl2 (0.6 mL). The reaction progress was monitored by 19F NMR spectroscopy 
recording individual spectra within an interval of 1 minute.  
The respective initial rates of the reactions are presented below (Figure EP3) 
 
F
ArI(NTs2)2 8 (0.2 equivl)
CD2Cl2, C6F6 (1 equiv.)
F
NTs2
NTs2
9b 10b  
 
Figure EP3. Initial rates for diamination of 9b with iodine(III) reagents 8a-e. 
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2.4.3.4. Kinetic profiles for diamination of 9b with Iodine(III) reagents 
8a-e. Hammett Plot  
 
Using the slopes of these initial rates obtained in the previous plot, a Hammett 
correlation plot could be generated (Figure EP4) 
 
Figure EP4. Hammet plot for derivatives 8a-e in diamination of styrene 9a. 
 
The reaction shows a strong dependence on the electron-density at the aryliodine and 
thus on the iodine nucleus for electron-withdrawing substituents. In contrast, for 
substituents OMe and Me, no electronic changes are observed. This is in agreement 
with the presence of a cationic iodine species, which is of low population in the former 
and high population in the latter cases. 
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2.4.3.5. Kinetic profile for diamination of 4-fluorostyrene with chiral 
Iodine(III) reagent 8f 
 
The reaction was carried out according to the proceeding described previously. Its initial 
progress was monitored by NMR analysis and it confirmed 50% product formation 
within 8 minutes reaction time (Figure EP5). 
 
 
Figure EP5. Kinetic diamination profil with reagent 8f. 
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2.4.4. Enantioselective diamination with chiral Iodine(III) reagents 
 
HPLC Conditions: Chiralpak-IB, 0.8 mL/min, n-hexane/EtOH, 90/10, v/v, tR1 = 14.9 
min (R-enantiomer), tR2 = 16.4 min (S-enantiomer) 
 
 
HPLC chromatograms 
 
 
With reagent 8f: 30% ee 
 
 
With reagent 12: 80% ee 
 
NMs2
NMs2
(S)-10a
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2.4.5. X-Ray analytical data 
 
2.4.5.1. X-Ray data for compound (E)-1,2-Diphenylvinyl N-
methylsulfonylmethanesulfonimidate (4) 
 
Thermal probability ellipsoids are shown at the 50% probability level. 
 
 
Table EP1.  Crystal data and structure refinement for 4. 
_____________________________________________________________________ 
Identification code  CCDC 1448403 
Empirical formula  C16 H17 N O4 S2  
Formula weight  351.42 
Temperature  100(2) K 
Wavelength  null Å 
Crystal system  Monoclinic 
Space group  P2(1)/c 
Unit cell dimensions a =  5.5693(3) Å ! = 90 °. 
 b =  7.8059(5) Å $ = 93.4564(16) °. 
 c =  37.364(2) Å % = 90 °. 
Volume 1621.39(17) Å3 
Z 4 
Density (calculated) 1.440 Mg/m3 
Absorption coefficient 0.347 mm-1 
F(000)  736 
Crystal size  0.20 x 0.10 x 0.05 mm3 
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Theta range for data collection 1.638 to 30.580 °. 
Index ranges -7<=h<=6,-10<=k<=11,-39<=l<=53 
Reflections collected  19691 
Independent reflections 5052[R(int) = 0.0549] 
Completeness to theta =30.580°  97.899994%  
Absorption correction  Empirical 
Max. and min. transmission  0.983 and  0.934 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  5052/ 0/ 211 
Goodness-of-fit on F2  1.150 
Final R indices [I>2sigma(I)]  R1 = 0.0853, wR2 = 0.2073 
R indices (all data)  R1 = 0.0930, wR2 = 0.2143 
Largest diff. peak and hole  1.215 and -1.004 e.Å-3 
 
 
2.4.5.1. X-Ray data for compound µ-Oxo-bis[(4-methyl)-N-
tosylbenzenesulfonamidyl(p-trifluoromethyl-phenyl)iodine] (7b) 
 
Thermal probability ellipsoids are shown at the 50% probability level. 
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Table EP2.  Crystal data and structure refinement for 7b. 
_____________________________________________________________________ 
Identification code  CCDC 1498624 
Empirical formula  C42 H29 F6 I2 N2 O9 S4  
Formula weight  1201.71  
Temperature  293(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1    
Unit cell dimensions a =  12.6692(11) Å ! = 106.514(7) °. 
 b =  12.6854(12) Å $ = 107.072(7) °. 
 c =  15.731(2) Å % =  100.270(5) °. 
Volume 2220.6(4) Å3 
Z 2  
Density (calculated) 1.797  Mg/m3 
Absorption coefficient 1.687  mm-1 
F(000)  1182  
Crystal size  0.10 x 0.10 x 0.10 mm3 
Theta range for data collection 1.75  to 30.61 °. 
Index ranges -18 <=h<=18 ,-18 <=k<=17 ,-22 <=l<=22  
Reflections collected 32782  
Independent reflections  13479 [R(int) = 0.0423 ] 
Completeness to theta =30.61 °  0.985 %  
Absorption correction  Empirical 
Max. and min. transmission  0.9265  and  0.7991  
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  13479 / 0 / 590  
Goodness-of-fit on F2  1.103  
Final R indices [I>2sigma(I)]  R1 = 0.0685 , wR2 = 0.1583  
R indices (all data)  R1 = 0.0889 , wR2 = 0.1818  
Largest diff. peak and hole  6.580  and -3.079  e.Å-3 
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2.4.5.2. X-Ray data for compound Methoxy((4-methyl)-N-
tosylbenzenesulfonamidyl)-4-methyl-iodosobenzene (11d) 
 
Thermal probability ellipsoids are shown at the 50% probability level. 
 
 
Table EP3.  Crystal data and structure refinement for 11d. 
_____________________________________________________________________ 
Identification code  CCDC 1498626 
Empirical formula  C22 H24 I1 N1 O5 S2  
Formula weight  1146.88  
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1    
Unit cell dimensions a =  9.4165(2) Å ! = 101.3780(10) °. 
 b =  10.5253(2) Å $ = 101.2430(10) °. 
 c =  12.9540(4) Å % =  109.5590(10) °. 
Volume 1137.70(5)  Å3 
Z 1  
Density (calculated) 1.674  Mg/m3 
Absorption coefficient 1.625  mm-1 
F(000)  576  
Crystal size  0.20 x 0.20 x 0.20 mm3 
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Theta range for data collection 2.50  to 36.40 °. 
Index ranges -10 <=h<=15 ,-17 <=k<=17 ,-21 <=l<=9  
Reflections collected 9595  
Independent reflections  6860 [R(int) = 0.0142 ] 
Completeness to theta =36.40 °  0.618 %  
Absorption correction  Empirical 
Max. and min. transmission  0.9641  and  0.8828  
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  6860 / 0 / 284  
Goodness-of-fit on F2  1.140  
Final R indices [I>2sigma(I)]  R1 = 0.0231 , wR2 = 0.0678  
R indices (all data)  R1 = 0.0244 , wR2 = 0.0685  
Largest diff. peak and hole  1.228  and -0.647  e.Å-3 
 
 
2.4.5.3. X-Ray data for compound µ-Oxo-bridged chiral iodine(III) (7f) 
 
Thermal probability ellipsoids are shown at the 50% probability level. 
 
 
Table EP4.  Crystal data and structure refinement for 7f. 
_____________________________________________________________________ 
Identification code  CCDC 1498625 
Empirical formula  C48 H50 I2 N2 O15 S4  
Formula weight  1276.94  
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Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Orthorhombic 
Space group  C222(1)  
Unit cell dimensions a =  11.0134(4) Å ! = 90.00 °. 
 b =  14.8591(5) Å $ = 90.00 °. 
 c =  31.4720(10) Å % =  90.00 °. 
Volume 5150.4(3)  Å3 
Z 4  
Density (calculated) 1.647  Mg/m3 
Absorption coefficient 1.452  mm-1 
F(000)  2568  
Crystal size  0.15 x 0.15 x 0.02 mm3 
Theta range for data collection 2.30  to 30.38 °. 
Index ranges -14 <=h<=14 ,-20 <=k<=12 ,-42 <=l<=42  
Reflections collected  17686  
Independent reflections 6559 [R(int) = 0.0172 ] 
Completeness to theta =30.38 °  88.1%  
Absorption correction  Empirical 
Max. and min. transmission  0.9715  and  0.8116  
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  6559 / 0 / 326  
Goodness-of-fit on F2  1.252  
Final R indices [I>2sigma(I)]  R1 = 0.0297 , wR2 = 0.0852  
R indices (all data)  R1 = 0.0306 , wR2 = 0.0930  
Flack parameter  x =0.017(17)  
Largest diff. peak and hole  0.880  and -1.464  e.Å-3 
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CHAPTER 3: INTERMOLECULAR DIAMINATION OF 
STYRENES CATALYSED BY HYPERVALENT IODINE 
 
3.1. INTRODUCTION: ENANTIOSELECTIVE VICINAL 
DIFUNCTIONALISATION 
 
3.1.1. Enantioselective stoichiometric difunctionalisation of alkenes 
 
Classical I(III)-mediated asymmetric reactions[114] are based on the use of chiral ligands, 
such as tartrate derivatives, but their application in vicinal difunctionalisation render 
low ee.[115] In 1997, Wirth changed the chirality inductor from the ligand to the iodine 
carbon backbone, developing a new series of chiral hypervalent iodine derivatives that 
can be considered as chirally modified Koser reagents.[116] These hypervalent iodines 
were applied in enantioselective %-tosylation of ketones and ditosylation of alkenes 
with certain success regarding the enantioinduction (Scheme 46).[117] The chiral 1-
arylalkyl ether motif is the key for this improvement providing a more rigid 
stereochemical environment at the iodine(III) core due to its ability to provide chelation. 
An intramolecular version was also attempted with these reagents, however, the 
enantioselectivity was low.[81] 
 
OTs
OTs
CH2Cl2, -30 ºC
65% ee
OMe
R
I(OAc)2
OMe
R
I
OH OTs
(R = Me, Et, iPr, Ph, OMe, 
OBn, OEt, OiPr, OtBu, MOM)
Chirally modified Koser reagent
TsOH · H2O
TsOH · H2O
CO2H
CH2Cl2, r.t., 2 h
56%, 4% ee
O
O
Ph
Ph
OAc
A B
B
A
 
Scheme 46. Wirth’s non-racemic hypervalent iodine(III) and its application in vicinal dioxygenation. 
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In 2007, Fujita introduced a qualitative advance in this area with the development of a 
new class of aryl-#3-iodanes bearing an enantionmerically pure lactate unit in the arene 
ring.[118] Isihara later extended this chiral reagent motif to a C2-symmetric derivative 
and explored it in an asymmetric oxidative Kita spirolactonisation.[119] Some 
representative  derivatives based on lactic esters are depicted in Figure 17. 
 
I
R2 O OR1
O
R
OAcAcO
a) R = Me; R1 = Me; R2 = H
b) R = Me; R1 = tBu; R2 = H
c) R = iPr;  R1 = Me; R2 = H
d) R = Me; R1 = Me; R2 = Me
e) R = Me; R1 = Me; R2 = Ph
I
O O OMe
O
R3
OAcAcO
f)  R3 = Me
g) R3 = iPr
MeO
O
R3
 
Figure 17. Lactic ester-based chiral non-racemic hypervalent iodines. 
 
Applying these reagents, Fujita developed an enantioselective transformation of his 
previous racemic THF synthesis (Scheme 47).[118] The mechanism of this reaction 
proceeds in the same way (see Scheme 31), with an alkene face selection by the 
hypervalent iodine in the initial step. 
 
O
O
R
R1
SiMe3
I
O OMe
O
BF3·OEt2
CH2Cl2, -78 ºC
45-73%, 12-64% ee
OAcAcO
O
R2
OCORR1
 
Scheme 47. Fujita’s enantioselective-silyl-substituted THF synthesis through intramolecular alkene 
oxygenation. 
 
The application of this iodine reagent was further extended to substrates with chiral 
auxiliaries. In this reaction, achiral iodosylbenzene induces low diasteroselectivities 
(54% de), while the use of chiral hypervalent iodine enhances the diasteroselectivity to 
92% de, demonstrating the power of the chiral iodine reagent[120] (Scheme 48). 
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O
O
O
O
I
O
O
OMe
BF3·OEt2
CH2Cl2, -40 ºC, 2 h
51%, 92% de
OAcAcO
O
O
O
O
O
IO
BF3·OEt2
CH2Cl2, -40 ºC, 2 h
37%, 54% de  
Scheme 48. Fujita’s diasteroselective-silyl-substituted THF synthesis through intramolecular alkene 
oxygenation employing a chiral auxiliary. 
 
After the demonstration of the synthetic potential of these reagents, Fujita developed the 
intramolecular cyclisation of 2-vinylbenzoic acid. In tosyloxylactonisation, the 6-endo 
product was preferably formed respect to the 5-exo in a 95:5 ratio. In addition, for 2-
vinylbenzoic acid, 6-endo lactone was obtained with a 97% ee, while 5-exo was formed 
with a low 26% ee. When the acetate was activated with trifluoroborane instead of 
TsOH, the ratio between the two possible products remains high at 92:8, in favour of 
the 6-endo cyclisation product, which is formed with 88% ee. Whereas the enantiomeric 
excess of the major product is decreased, the one for the 5-exo product is increased to 
72% ee[121] (Scheme 49). 
 
CO2H
I
O OMe
OOAcAcO
OMeO
O
CH2Cl2, -40 ºC
O
O
OR
O
O
OR
a) TsOH·H2O:            R = Ts, 65% yield (95:5) 97% ee 26% ee
b) AcOH, BF3·OEt2:   R = Ac, 68% yield (92:8) 88% ee 72% ee  
Scheme 49 Tosyloxy and acetoxylactonisation of 2-vinylbenzoic acid. 
 
The acetoxylactonisation methodology was further extended to methyl ortho-alk-1-
enylbenzoates, obtaining slightly higher yields and enantionmeric excesses than in 
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comparable substrates (Scheme 50). Application of the enantiomeric hypervalent iodine 
reagent, lead to the dioxygenated enantiomer in comparable ee.[121]  
 
AcOH, BF3·OEt2
CH2Cl2, -80 to -40 ºC
57-72%, 90-97% ee
CO2H
I
O OMe
OOAcAcO
OMeO
O
O
O
OR
R R
CO2Me
I
X
Ar
R
AcO OAc
R
I X
Ar
O
O
Ar*I(III) Ar*I(I)
XMe
CH3  
Scheme 50. Enantioselective acetoxylactonisation of methyl ortho-alk-1-enylbenzoates. 
 
The utility of this transformation was also demonstrated with its application in the 
synthesis of several polyketide metabolites, giving also an example of full chiral-
iodine(III)-backbone-stereocontrol even in presence of a neighbour chiral centre in the 
molecule (complete  reagent control) (Scheme 51). 
 
OTBSCO2Me
Chiral I(III)
BF3·OEt2
AcOH
CH2Cl2
-80 to -40 ºC
O
O
O
O
O
O
PhI(OAc)2
Chiral I(III)
ent-Chiral I(III)
74% (1:1)
75% (1:0)
81% (0:1)
98% ee
98% ee
I
O OMe
OOAcAcO
Chiral I(III)
 
Scheme 51. Reagent control in the enantioselective intramolecular dioxygenation of alkenes. 
 
UNIVERSITAT ROVIRA I VIRGILI 
DEVELOPMENT OF HYPERVALENT IODINE(III)-MEDIATED CHEMICAL REACTIONS 
Rafael Martín Romero Segura 
 
Chapter 3. Intermolecular diamination of styrenes catalysed by hypervalent iodine 
 
 - 77 - 
Finally, Fujita extended the methodology to the most challenging intermolecular 
dioxygenation with a great success. In this reaction, employing lactate-based chiral 
hypervalent iodine, enantioselective dioxygenation was carried out with high 
enantiomeric excess. The reaction was applicable to internal (such as cynnamyl alcohol) 
or terminal alkenes (e.g. styrenes). In addition, syn or anti addition was achieved with 
just a subtle change in the conditions, allowing the selection of a Woodward or a 
Prévost mechanism. In a similar way, the same hypervalent iodine chirality can drive 
different enantiomer outcome selecting between both mechanisms (Scheme 52). 
 
I(OAc)2
O
A: R = Me
B: R = iPr
CO2Me
R
I(OAc)2
OO
C: R = Me
CO2MeMeO2C
R R
OMe A or B
BF3·OEt2
AcOH, CH2Cl2,
-80 to -40 ºC
then Ac2O, pyridine
OMe
OAc
OAc
> 98:2 syn selectivity
55%, 88% ee (A)
49%, 95% ee (B)
OMe A or B
BF3·OEt2
TMSOAc, AcOH, CH2Cl2
-80 ºC to r.t.
OMe
OAc
OAc
> 98:2 anti selectivity
70%, 88% ee (A)
56%, 96% ee (B)
C
BF3-OEt2
TMSOAc, AcOH, CH2Cl2 
 -80 ºC to r.t.
OAc
OAc
68%, 89% ee
AcOH, CH2Cl2,
-80 to -40 ºC,
then Ac2O, pyridine
OAc
OAc
76%, 70% ee  
Scheme 52. Hypervalent iodine-mediated enantioselective intermolecular dioxygenation. 
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Wirth developed the enantioselective version of the aminoxygenation of alkenes with 
tether ureas[122] which was described in its racemic version by Michael four years 
before.[94] For this transformation, an additional 0.5 equiv. of H2NTs was needed and 
Ishihara’s hypervalent iodine gave the best ee (Scheme 53). 
 
I(OAc)2
OO
O
MesHN
O
NHMes
Ph HN
O
NHTs
CH2Cl2, Et2O, -78 ºC, 3 h
76%, 90% ee
TMSOTf, TsNH2
N O
NTs
Ph
 
Scheme 53. Iodine(III)-mediated intramolecular enantioselective aminohydroxylation of alkenes. 
 
The same author described in 2016 the enantioselective thioamination of alkenes.[89] In 
this case, Ishihara’s hypervalent iodine again proved to be the best reagent for this 
particular transformation. 
 
I(OAc)2
OO
O
MesHN
O
NHMes
ArSNa, CH2Cl2, -20 ºC, 0.5 h
40-68%, 25-79% ee
NHTs N
Ts
SAr
 
Scheme 54. Stereoselective iodine(III)-mediated thioamination. 
 
Concerning the enantioselective aminative cyclisation, in 2013 Nevado developed the 
chiral version[97] of Li’s aminofluorination.[95] In this reaction, the use of a chiral 
iodine(III) reagent promotes complete 6-endo-selectivity with high enantiomeric 
excesses that can be further improved upon crystalisation. Mechanistic studies were 
carried out with deuterium-labelled alkenes, and led the authors to propose an 
aziridonium intermediate through a N-IAr* activation (see Scheme 55). 
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I
O O O
O
O
O FF
chiral reagent
Chiral reagent or ent-chiral reagent
toluene, r.t., 17 h
63-79%, 61-88% ee
NSO2R
R1
R1
R2 R2
F
*
NHSO2R
R1
R1
R2 R2
NHTs
Ph
Ph
D
Ar*IF2
Ph
Ph
D
N H F
Ts I F
Ar*
A·HF
A
A
Ph
Ph
D
N I
Ts F
Ar*
Ar*I
NPh
Ph
D
Ts
F
NTs
R1
R1
R2 R2
F
Ar*IF2
D
 
Scheme 55. Enantioselective intramolecular aminofluorination and proposed mechanism. 
 
Recently, Wirth described an intramolecular enantioselective diamination with tethered 
motives.[108] While the ureas gave aminoxygenation,[122] the guanidines or the 
diaminosulfones afforded a clean diamination. Six examples (two bearing guanidines 
and four with diaminosulfones) were cyclised with enantiomeric excesses over 90% 
when a newly designed hypervalent iodine containing a lateral pyridine group was 
applied (Scheme 56). The latter is believed to exercise additional chelation control in 
the enantiodiscriminating step. A 1:1 combination of TMSOTf and BF3"OEt2 was 
necessary to achieve good yields and ee, as well as a strong Thorpe-Ingold effect to 
obtain the final products. 
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R
H
N X
H
N R1
Ph Ph
BF3·OEt2, TMSOTf
MeCN, -48 ºC, 5 h
I N
OMe
OAcAcO
N N
X R1
Ph
Ph R
X: C=NR
X: SO2
71-75%, 91-92% ee
70-75%, 90-94% ee  
Scheme 56. Wirth’s intramolecular stereoselective diamination. 
 
Muñiz extended his methodology for hypervalent iodine-mediated intermolecular 
diamination of alkenes to its enantioselective version. Having this aim in mind, several 
known chiral iodine reagents[123] were synthesised and tested with in situ generation of 
the active iodine species from the diacetoxyiodoarene[100b,113] (Scheme 57). 
 
I
I
O
OAc
OAc
NR2
NR2
 R = Ts,  Ms
I(OAc)2
OO
I(III), HNR2
CH2Cl2, T
I
I O
OAc
OAc
Ishihara (2010) Kita (2008)Ochiai (1990)
Hypervalent iodine Nitrogen source Yield (%) ee (%)Temperature
Kita 55 32r.t.
Ochiai 52 14r.t.
Ochiai 67 32r.t.
Ishihara 76 50r.t.
Ishihara 87 66r.t.
Ishihara 86 850 ºC
HNTs2
HNTs2
HNMs2
HNTs2
HNMs2
HNMs2
Entry
1
2
3
4
5
6
O
OMeMeO
O
 
Scheme 57. Catalyst tested in enantioselective intermolecular diamination of alkenes. 
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Under these conditions, 20 examples[101,113] with high ee and yields were obtained, 
including both terminal and internal styrenes (E and Z) (Scheme 58). The enantiopurity 
was later improved by crystalisation up to 99%. Diamine deprotection and an 
application within the synthesis of the alkaloid (S)-Levamisole were also achieved with 
good overall yields. 
 
NMs2
NMs2
HNMs2, CH2Cl2,, 0 ºC, 15 h
R R H
NMs2
NMs2
66%, 63% ee
87%, 90% eeI(OAc)2
OOMeO
O
OMe
O
R1
44-75%, 74-95% ee
NMs2
NMs2
 
Scheme 58. Intermolecular enantioselective diamination of alkenes. 
 
Only one example of external ligand enantioinduction is reported in literature. In this 
example, Nicolau achieved the enantioselective dichlorination of trans-cynammyl 
alcohols with the interaction of the Cinchona alkaloid derivative (DHQ)2PHAL with 
dichloroiodo-4-phenylbenzene (Scheme 59).[124] In this reaction, two important things 
are required to obtain moderate to good enantioselectivities and yields. The first one is 
the presence of catalytic amounts of the alkaloid ligand. The second requirement is the 
presence of the styryl moiety in order to direct the nucleophilic attack of the second 
chlorine to the benzylic position. 
 
UNIVERSITAT ROVIRA I VIRGILI 
DEVELOPMENT OF HYPERVALENT IODINE(III)-MEDIATED CHEMICAL REACTIONS 
Rafael Martín Romero Segura 
 
Development of Hypervalent Iodine(III)-Mediated Chemical Reactions 
- 82 - 
Ar OH
NN
O
N
OMe
O
N
MeO
NEt
ICl2
CH2Cl2, -78 ºC
63-90%, 43-81% ee
Ar OH
Cl
Cl(20 mol%)
N Et
 
Scheme 59. Enantioselective dichlorination with hypervalent iodine and chiral ligand. 
 
 
3.1.2. Enantioselective catalytic difunctionalisation of alkenes. 
 
The application of hypervalent iodine as molecular catalyst was first described in 
substrates that do not suffer competing degradation when a suitable terminal oxidant is 
used. The first catalysis of such a type was described in 1994, where gem-difluorination 
of dithioacetals was achieved through anodic oxidation of 5-20 mol% of p-iodoanisole 
in 78-98% yields (Scheme 60).[125] 
 
I OMe
I OMe
Oxidations
SS
FF
2 e-
Pt anode
1.9 V 
vs. SSCE
F
F
2 F
 
Scheme 60. First catalytic application of a hypervalent iodine reagent. 
 
When chemical terminal oxidants were used, substrates such as phenols[126] or carbonyl 
compounds[127] did not give side reaction, or they give it sufficiently slowly, allowing 
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an easy aryliodine catalytic application. However, due to their nature, alkenes are more 
reactive to those terminal oxidants, and their use was traditionally restricted to some 
intramolecular reactions. Actually, the enantioselective %-tosyloxylation of ketones was 
the first asymmetric reaction with catalytic amounts of aryliodide(I)/(III).[128] 
 
In all these intramolecular processes, mCPBA emerged as a suitable oxidant in organic 
solvent at room temperature. This reagent was firstly introduced in alkyliodide 
oxidation and an aliphatic-#3-iodine compound was isolated, supporting the oxidation 
state +3 of the iodine (Scheme 61).[129] 
 
I ImCPBA
CH2Cl2, r.t.
65%
O O
OO
ClCl
 
Scheme 61. Isolation of alkyl-#3-iodane bearing m-chlorobenzoate as ligands. 
 
With those antecedents, in 2012 Fujita developed an intramolecular enantioselective 
dioxygenation. When both oxygens belong to the starting material (e.g., monocerines) 
there is little doubt on the presence of a hypervalent iodine catalysis (Scheme 62a).[130] 
However, when 4-hydroxyisochroman-1-ones are synthesised, background reaction due 
to the peracid reagent and the aryliodine catalysed reaction render the same compound. 
Catalytic conditions gave all four isomers in different ratios depending on the substrate 
and the chiral hypervalent iodine (Scheme 62b). Syn selectivity derives from I(III)-
catalysed reactions, while the two anti-dioxygenation are due to mCPBA background 
reaction. The nature of the origin of those products was checked by separation of all 
isomers, being those from background reaction racemic samples, while the other two 
presented enantiomeric excess. None of the catalysts employed afforded a good ratio in 
favour of the enantioenriched product.[131] 
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O
I(III) catalysed
Background reaction
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O
R
R
CO2Me
R
OTBS
I
O O OMe
O
MeO
O
(10 mol%)
mCPBA, CF3COOH
CH2Cl2, 0 ºC
33-65%
i)  Ar*I (10 mol%), mCPBA, 
CF3COOH, CH2Cl2, 0 ºC
ii) K2CO3, MeOH, H2O, 0 ºC
a)
b)
 
Scheme 62. Fujita’s catalytic intramolecular enantioselective dioxygenation. 
 
Some years later, Muñiz extended the alkene dioxygenation catalysed by hypervalent 
iodine and improved it to its intermolecular version. In this achievement, two different 
methodologies at room temperature were developed. The first one, in collaboration with 
Ishihara, is based on the use of peracetic acid as terminal oxidant and it presents two 
modifications in the catalyst with regard to Fujita’s one (Scheme 63). Implementation 
of a methyl group at the 4-position of the aryl core and the exchange of the ester moiety 
to an N-aryl-amide afford high conversion and enantiomeric excess when terminal 
styrene derivatives are employed. The high enantioselectivities achieved in this 
transformation imply that there is almost no (or not at best) a minor background 
reaction deriving from epoxidation.[132] 
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R R
OAc
OAc
I
OO N
H
O
N
H
O iPr
iPr
iPr
iPr
(10 mol%)
TfOH, AcOOH, AcOH, r.t.
then Ac2O, Py, DMAP
CH2Cl2, r.t.
52-94%, 63-94% ee  
Scheme 63. Enantioselective intermolecular dioxygenation catalysed by hypervalent iodine. 
 
Additionally, X-Ray analysis and circular dichroism demonstrate the presence of a 
crucial helical supramolecular chirality assembled through the hydrogen bonding 
between the oxygen present in the ligand and the amide moiety (Scheme 64). This 
configuration was firstly proposed by Fujita,[121] demonstrated for other hypervalent 
iodine(III) reagents by Ishihara,[133] and finally fully characterised for the related 
diacetoxyiodoarenes of the present study by Muñiz and Ishihara.[132] 
 
I
OO N
H
O
N
H
O iPr
iPr
iPr
iPr
I
OO
N
O
N
O iPr
iPr
iPr
iPr
O O
AcAcH H
AcOOH
AcOH, r.t., 15 h
 
Scheme 64. Aryliodine oxidation and structure determined by X-ray analysis. 
 
The second methodology developed for the catalytic enantioselective dioxygenation of 
alkenes employs Selectfluor® as terminal oxidant in acetic acid together with 1.2 
equivalent of TMSOTf in order to activate the iodine.[134] In this case, the catalyst 
employed is more similar to Fujita’s one, but the ester moiety has been modified to 1-
adamantyl, which affords higher enantiomeric excess. 
 
This reaction has a broad scope, affording moderate to good enantioselectivities and 
yields with two classes of substrates, both terminal styrenes and cynammyl alcohol 
derivatives (Scheme 65).  
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Selectfluor®, TMSOTf, AcOH, r.t., 12 h
then, Ac2O, Py, DMAP, CH2Cl2, r.t.
OAc
OAc
I
OOO
O
O
O
(20 mol%)
R R
OAc
R ROH
OAc
OAc
55-92%, 62-88% ee
42-65%, 78-95% ee  
Scheme 65. Substrate scope of catalytic dioxygenation with Selectfluor® as terminal oxidant. 
 
The experimental results obtained without the final acetylation step suggest a 
Woodward mechanism (39 and 16% of each regioisomeric hydroxy acetate) or an 
intermolecular nucleophilic substitution pathway (7%) as participating routes for this 
transformation (Scheme 66). 
Ar* I
F
Ar* I
OAc
OTf
OTf
IAr
O
O
Ar* I
Ar
HOAcHOTf
N NF
Cl
N N
Cl
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2 BF4
Ar
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H2O,
-HOAc
ArAr
RR(Ac)HO AcO
HOTf
TMSOHAc TMS-F
H
Ac2O
Ar*
HOAcHOTf
Ar
RAcO
R
R
R
OAcOAc(H)
OAc
Ar
RAcO
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Scheme 66. Mechanistic scenario for enantioselective catalytic diacetoxylation of alkenes with 
Selectfluor® as terminal oxidant. 
UNIVERSITAT ROVIRA I VIRGILI 
DEVELOPMENT OF HYPERVALENT IODINE(III)-MEDIATED CHEMICAL REACTIONS 
Rafael Martín Romero Segura 
 
Chapter 3. Intermolecular diamination of styrenes catalysed by hypervalent iodine 
 
 - 87 - 
Recently, Kita and co-workers[96] described a preliminary study in the catalytic version 
of the intramolecular aminofluorination that Nevado already described in its 
stoichometric manner.[97] Again, the authors employed mCPBA as terminal oxidant. 
However, either the yield or the enantiomeric excess remained low in this catalytic 
transformation. 
 
Concerning intermolecular difluorination reactions of alkenes, the development of an 
enantioselective catalytic version was more successful than the intramolecular 
aminofluorination. In 2016, Gilmour[70] and Jacobsen[71] described independently a few 
examples of enantioselective vicinal difluorination of alkenes catalysed by a chiral 
aryliodine (Scheme 67). While Gilmour reported moderate yield and enantioselectivity 
for terminal alkenes, Jacobsen described a higher enantioselectivity applying his method 
to electron-deficient internal alkenes. 
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(20 mol%)
Py·9HF, mCPBA
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51%, 93% ee, >19:1 d.r.
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F F
I
O O
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54%, 22% ee
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O
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O
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F
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Scheme 67. Examples of enantioselective difluorination catalysed by hypervalent iodine. a) Gilmour’s 
approach; b) Jacobsen’s approach. 
 
Jacobsen developed a more successful reaction using Fujita’s substrate scaffolds for 4-
oxy-isochroman-1-ones synthesis. Under their catalytic conditions with mCPBA/HF 
(Scheme 68), 4-fluoro-isochroman-1-ones were generated with high yields and 
enantioselectivities.[135] 
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(10 mol%)
mCPBA, Py·9HF
CH2Cl2, -50 ºC, 24 h
35-67%, 30-96% ee
O
O
R1
R
F  
Scheme 68. Enantioselective synthesis of 4-fluoro-isochroman-1-ones catalysed by hypervalent iodine. 
 
Another example, although it is not a direct-vicinal difunctionalisation, was developed 
by Jacobsen, who, based on an oxidation reaction of chalcone, which had been 
developed by Wirth in a stoichiometric manner,[136] reported a catalytic geminal 
difluorination upon concomitant aryl migration (Scheme 69).[137] In that way, the 
generation of difluoromethylated stereocentres in high yields and selectivities was 
achieved. In this reaction, the introduction of benzylic moieties in the chiral position 
does not affect directly the enantioselectivity, but the reactivity. This increase in the 
reactivity allowed the authors to decrease the temperature of the reaction, there by 
achieving a raise in enantioselectivity. 
 
R2
R
I
OO O
O
BnO
O
Bn
(10 mol%)
mCPBA, Py·9HF
CH2Cl2, -20(-40) ºC, 60-72 h
45-93%, 64-97% eeR1
F R2
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R1F
Ph Ph
CO2Me
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R
Ar*IF CONH2
R
F I
Ar* F
CONH2
H
CO2NH2
F
F
F H F
 
Scheme 69. Enantioselective aryl migration for the synthesis of gem-difluorinted compounds. 
 
Concerning intramolecular diamination reactions of alkenes, Wirth described four 
examples with 20 mol% of a novel pyridine-coordinating chiral iodine. In this case, 
mCPBA did not afford good yields or enantioselectivities, whereas sodium perborate as 
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terminal oxidant in an acidified media provided both high yields and enantioselectivities 
(Scheme 70).[108] 
 
R
Ph Ph H
N X
H
N Cbz
N
OMe
I
(20 mo%)
NaBO3·4H2O
MeCN, AcOH, r.t.. 5 h
45-72%, 76-86% ee
N N
X
Ph
Ph R
Cbz
X = SO2, C=NCbz  
Scheme 70. Intramolecular diamination catalysed by hypervalent iodine. 
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3.2. RESULTS AND DISCUSSION 
 
In view of these successful reactions, it appeared interesting to investigate the potential 
catalytic vicinal diamination of alkenes, which would replace the previous 
stoichiometric variant. After testing several oxidants in different solvents, only 
Selectfluor® and mCPBA were identified as suitable terminal oxidants for such a I(III)-
catalysed diamination of styrenes. 
 
3.2.1. Selectfluor® as terminal oxidant 
 
Several solvents and different catalyst concentrations were essayed for this reaction 
(acetone, 1,4-dioxane, benzonitrile, 1,2-dimethoxyethane, toluene, bromoethane, 1,2-
dichlorobenzene, nitromethane, ethyl acetate, etc.) providing only recovered starting 
material. However, when a 2:1-mixture of acetonitrile and dichloromethane was 
employed at room temperature, a first, albeit low conversion of 9% was observed (Table 
1, entry 1). Introducing DBU as additive increased the conversion up to 33% (Table 1, 
entries 2 and 3). When other chlorinated solvents (such as chlorobenzene, 1,2-
dichloroethane, chloroform, etc.) were used instead of dichloromethane, the same 
conversion was also achieved. Increase or decrease of the amount of terminal oxidant 
did not influence the final yield. 
 
Under these conditions, it was possible to maintain the same yield when the catalyst 
loading was reduced from 20 mol% to 10 mol%, affording also a good 
enantioselectivity (65%) (Table 1, entries 3 to 6). Interestingly, 30, 20 and 10 mol% 
catalyst gave the same conversion, while a 5 mol% catalyst slightly decreases it. 
Lowering the temperature in order to increase the ee led to a lower conversion (Table 1, 
entry 7). Although bismesylimide was chosen based on the previous results in the 
stoichiometric diamination, other nitrogen sources such as HNTs2 were tested, giving 
the same yield, but lower ee (Table 1, entry 8). 
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Entry T (ºC) Catalyst mol% DBU (Equiv.) Yield (%)[a] ee (%)
1 r.t. 20 0 9 -
2 r.t. 20 0.5 29 -
3 r.t. 20 1 33 -
4 r.t. 30 1 34
5
-
r.t. 10 1 32(29) 65
6 r.t. 5 1 25 -
7 10 10 1 17 -
8 r.t. 10 1 31(30) 45
Nitrogen source
HNMs2
HNMs2
HNMs2
HNMs2
HNMs2
HNMs2
HNMs2
HNTs2
F
O
I
OMeO
O
OMe
O
(X mol%)
Selectfluor® (2 equiv.), Nitrogen source (2.4 equiv.)
MeCN : CH2Cl2 (2:1), DBU, T, 15 h F
NR2
NR2
 
Table 1. Selected entries for screening with Selectfluor® as terminal oxidant. [a] Yield referes to NMR 
yield using hexafluorobenzene as internal standard. Values in brackets refer to isolated yields. 
 
When other parameters were modified (addition of other bases, acids, etc.) a sharp 
reduction of the yield was again observed. Silane-based additives were introduced 
(Table 2, entry 6) based on the good results achieved in the diacetoxylation 
methodology developed at the same time,[134] but in this case, these additives gave only 
negative effects. 
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F
O
I
OMeO
O
OMe
O
(10 mol%)
Selectfluor® (2 equiv.), XNTs2 (2.4 equiv.), additive (1.2 equiv.)
MeCN : CH2Cl2 (2:1), DBU (1 equiv.), r.t., 15 h F
NTs2
NTs2
F
NTs2
Enamine
Entry Conversion (%)
1 Enamine
2 29
3 30
4 9
5 5
6 0
Additive
TMSOTf
TMSOAc
(Si(CH3)3)2
HMDS
TMSCl
-
HNTs2
HNTs2
HNTs2
HNTs2
HNTs2
TMSNTs2
XNTs2
 
Table 2. Silane-based additives tested. Conversion with respect to hexafluorobenzene as internal 
standard. 
 
Finally, different iodine catalysts were tested, obtaining always yields around 30%. 
Interestingly, all the ester motives (Table 3, entries 1 to 3) gave enantioselectivities in 
the range of 65%, but when a tertiary amide was employed, that value increased to 79% 
(Table 3, entry 5), showing that this motif plays a significant role for the 
enantioselectivity. Unluckly, unlike diacetoxylation,[132] the introduction of a methyl 
group in the para position of the aromatic ring of the catalyst did not improve the yield 
of the reaction (Table 3, entry 6).  
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Entry Yield (%) ee (%)
1 29 65
2
F
O
I
OY Y
(10 mol%)
Selectfluor® (2 equiv.), HNMs2 (2.4 equiv.)
MeCN : CH2Cl2 (2:1), DBU (1 equiv.), r.t., 15 h F
NMs2
NMs2X
X Y
H
H
O
OMe
O
O
O
O
O
N
H
O
N
O
OMe
3 H
4 H
5 H
6 CH3
27 68
26 65
21 -
30 79
33 68
 
Table 3. Different chiral iodine catalysts tested. 
 
Since no improvement was achieved using Selectfluor® as terminal oxidant, and only a 
maximum yield of 30% was isolated, we moved on to an alternative terminal oxidant, 
and  mCPBA was selected. 
 
 
3.2.2. mCPBA as terminal oxidant 
 
The application of this terminal oxidant was more successful than the use of 
Selectfluor®, and finally, this green peracid was found suitable for this transformation.  
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Additional examples on the scope are not included here because they were done by 
other authors of the publication.[138] 
 
3.2.2.1. Screening of catalysts 
mCPBA (1.5 equiv.),
HNMs2 (2.5 equiv.)
 
AcOEt (0.3 M), r.t., 48 h
OO
I OO
NMs2
NMs2
Y
Z Z
X X
X Y Z
N
H
OiPr
iPr
CH3F
(20% mol)
CH3OAc
CH3OAc
HOAc
HOAc
O
OMe
Conver. A (%)[a]
24
35
O
N
O
N 41 (31)
O
N Ph 58 (42)
HOAc 31
O
OH
HOAc 42
O
OMe
HOAc 70 (48)
O
N
CH3OAc 46 (26)
O
OH
74 (58)
0.2 mmol
No
5
1
2
6
7[b]
4
8
9
10
11
12
NMs2
OH
X
O
X X
Conver. B (%)[a]
-
29
21
20
33
34
30
26
22
Conver. C (%)[a]
0
0
0
0
0
0
Conver. D (%)[a]
-
36
38
22
36
24
0
28
4
CH3OAc
O
N 42 19 0 39
CH3OAc
O
N Ph 50 (50) 16 0 34
0
0
-
ee A (%)
-
-
58
91
-
-
92
-
85
-
93
HOAc
O
N Ph
Ph
55 (35)3 45 0 0 78
A B C D
 
Table 4. [a] Yields in brackets refers to isolated yield. Conversion measured with respect to catalyst; [b] 
Conversion measured with hexafluorobenzene as internal standard. 
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Dichloromethane represents the established solvent, in which the parent iodine(III)-
mediated diamination proceeds in good yield and ee in its stoichiometric version. 
However, this solvent was not suitable for the reaction with mCPBA as terminal oxidant 
due to the rapid epoxidation background reaction, which was observed as the 
aminoalcohol product obtained upon epoxide opening. To our delight, when the solvent 
was changed to ethyl acetate, the amount of starting material that goes through that 
undesired pathway was reduced, with the diaminated compound becoming the major 
product. 
 
When different catalysts were tested in this solvent system (Table 4), it was possible to 
observe that when carboxylic acid or methyl ester motives were present in the catalyst, a 
lower conversion was obtained. When we tested the catalyst that was used in the 
corresponding diacetoxylation,[132] only low conversion was achieved (Entry 7), mostly 
due to degradation of the catalyst under these conditions. The presence of a tertiary 
amide motif increased the conversion, although bulky groups in the nitrogen were 
required to obtain isolated yields of over 40% as well as better enantiomeric excess. The 
best choice, as when Selectfluor® was used as terminal oxidant, turned out to be 
diisopropylamide. By modifying the electronics of the arene group, we were able to 
obtain decent yields (up to 60%), albeit the formation of the aminoalcohol byproduct 
was still observed, reducing the efficiency of the reaction. 
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3.2.2.2. Screening of conditions. 
 
X Conver. A[a]Solvent T (ºC)
H Toluene r.t.1.5 0
H r.t.1.5 34PhCF3
H r.t.1.5 71 (37)(MeO)2CO
F r.t.1.5 13CHCl3
F r.t.1.5 0Acetone
F r.t.1.5 12PhCl
F r.t.1.5 47CH2Cl2
F r.t.1.5 15MTBE
F r.t. 19MTBE:HFIP (1:1)
F r.t. 36MTBE:HFIP (2:1)
F r.t.2.0 42MTBE
2.0
2.0
No
5
6
7
8[b]
9[b]
10[b]
11[b]
12[b]
13[b]
14[b]
15[b]
Conver. B (%)[a]
-
9
Conver. C (%)[a]
-
0
Conver. D (%)[a]
-
-
29 0 0
26 0 28
0 0 58
10 0 29
25 0 0
11 0 37
13 0 0
4 51 0
5 40 0
H r.t.1.5 77 (43)EtCO(OEt)
H r.t.1.5 59 (18)iPrCO(OEt)
H r.t.1.5 70 (26)tBuCO(OEt)
H r.t.1.5 79 (47)AcOMe
1
2
3
4
33 0 0
41 0 0
30 0 0
21 0 0
mCPBA (Y equiv.),
HNMs2 (2.5 equiv.)
 
Solvent (0.3 M), T, 48 h
OO
I OO
NMs2
NMs2
N N
X X
(20% mol)
0.2 mmol
NMs2
OH
X
O
X X
A B C D
Y
F 0 0MTBE:HFIP (1:2)
F 0 61MTBE:HFIP (2:1)
F 0 72 (60)MTBE:HFIP (3:1)
F 0 65MTBE:HFIP (5:1)
F -5 78 (59)MTBE:HFIP (3:1)
F -5 - (68)MTBE:HFIP (3:1)
2.0
2.0
2.0
2.0
2.0
2.0
16[b]
17[b]
18[b]
19[b]
20[b]
21[b][c]
0 24 0
3 36 0
3 25 0
8 20 0
2 20 0
- - -
OAc -5 - (53)MTBE:HFIP (3:1) 2.022 - - -
OAc -5 - (73)MTBE:HFIP (3:1) 2.023[c] - - -
OAc -5 - (67)MTBE:HFIP (3:1) 2.024[d][e] - - -
 
Table 5. Screening of conditions. [a] Yields in brackets refer to isolated yields; [b] Conversion measured 
with hexafluorobenzene as internal standard; [c] Addition of mCPBA in two portions (second after 24 h 
reacting); [d] Addition of mCPBA in four portions (at t = 0 h, 12 h, 24 h and 36 h); [e] 10 mol% catalyst. 
These screening conditions are the result of the joint work carried out by R. M. Romero and L. Barreiro. 
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Solvent, temperature and amount of terminal oxidant were also optimised. As it was 
observed that ethyl acetate afforded certain conversion, modifications in the alkyl 
chains of the solvent were introduced, although they did not improve the reaction (Table 
5, entries 1-4). Other solvents tested rendered lower conversion together with 
production of the aminoxygenated byproduct (Table 5, entries 5-11). Surprisingly, with 
some solvents, such as dichloromethane, and by carrying out the reaction with 20 mol% 
catalyst at lower temperature (-10 ºC), a good yield and enantiomeric excess could be 
afforded for one substrate (for p-acetoxystyrene: 63% yield, 99% ee). Unfortunately, 
this result could not be extended to other substrates (for p-fluorostyrene: 40% yield, 
97% ee; styrene: 31% yield, 94% ee). 
 
When MTBE was used, lower conversion was obtained, but also the amount of 
byproduct was reduced, and a considerable quantity of starting material remained 
unreacted. By means of increasing the amount of oxidant, the reaction conversion 
improved (Table 5, entry 13). The addition of HFIP, a known activator for hypervalent 
iodine reagents through hydrogen bonding,[139] leads to a full conversion of the starting 
material, although aldehyde C becomes the major product (Table 5, entries 14, 15). By 
lowering the temperature and modifying the ratio between the solvents we could 
decrease the formation of this byproduct, and thus increase the amount of diaminated 
product (Table 5, entries 17-20). Different concentrations did not further improve the 
reaction, but portionwise addition of mCPBA enhanced the final isolated yield between 
an additional 10% and 20%. This modification could be applied to other substrates 
(Table 5, entries 21, 23). Reduction in the catalyst loading to 10 mol% was possible by 
increasing the number of individual additions for the same amount of oxidant (Table 5, 
entry 24). 
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3.2.2.3. Catalyst synthesis 
 
OH
OH
OH
OH
I2 (1.05 equiv.)
NaHCO3 (1.1 equiv.)
H2O, THF
I PPh3 (2.3 equiv.)
DIAD (2.4 equiv.)
THF
12 mmol 72%
96%
HO OMe
O
(2.16 equiv.)
HO OMe
O
(2.16 equiv.)
OMeO
O
O OMe
OI
OMeO
O
O OMe
OI
NaOH (5.5 equiv.)
THF, MeOH, H2O
OHO
O
O OH
OI
OHO
O
O OH
OI
78%
NaOH (5.5 equiv.)
THF, MeOH, H2O96%
1) Oxalyl Chloride (5 equiv.), 
CH2Cl2, DMF (drop)
2) HN(iPr)2 (2.4 equiv.), 
TEA (2.4 equiv.), THFON
O
O N
OI
Catalyst (13.1)
63%, 99% ee
1) Oxalyl Chloride (5 equiv.), 
CH2Cl2, DMF (drop)
2) HN(iPr)2 (2.4 equiv.), 
TEA (2.4 equiv.), THFON
O
O N
OI
ent-Catalyst (ent-13.1)
75%, 97% ee
 
Scheme 71. Linear synthesis of both catalyst enantiomers. 
 
The chiral catalyst core was adapted following the procedure described in its initial 
steps by Ishihara and Fujita as shown in Scheme 71. Orcinol monohydrate iodination 
followed by Mitsunobu reaction afforded the methyl ester intermediate. Saponification 
of this compound gave the free carboxylic acid, which could be converted into the 
different amides through its acyl chloride formation without any chirality lost. 
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This synthesis was carried out with both enantiomeric forms of methyl lactate, 
obtaining both catalyst enantiomers in good yield and enantiomeric excess. The access 
to both enantiomers allowed us to prepare a racemic mixture, which was used to 
determine the chiral HPLC conditions for the chiral iodine 13.1, and therefore, its 
enantiomeric excess. 
 
These reactions toward the synthesis of the chiral catalyst could be scaled up to 12 
mmol in the initial step and 8 mmol for the remaining ones making this synthesis more 
appealing. 
 
 
3.2.2.4. General scope 
 
NMs2
NMs2 NMs2NMs2
AcO
NMs2
NMs2
F
14
A: 58%, 91% ee
B: 40%, 91% ee
15
A: 73%, 95% ee
B: 67%, 96% ee
16
A: 69%, 93% ee
B: 62%, 93% ee
NMs2
NMs2MeO
17
A: 59%, 91% ee
B: 46%, 88% ee
NMs2
NMs2F
Cl
NMs2
NMs2
19
A: 75%, 97% ee
B: 70%, 96% ee
18
A: 77%, 97% ee
B: 71%, 96% ee
NMs2
NMs2
NMs2
NMs2
NPhth 21
A: 87%, 98% ee
B: 31%, 98% ee
20
A: 40%, 96% ee
B: 20%, 92% ee
NMs2
NMs2
NPhth ent-21
A: 80%, 95% ee[a]
B: 33%, 90% ee[a]  
UNIVERSITAT ROVIRA I VIRGILI 
DEVELOPMENT OF HYPERVALENT IODINE(III)-MEDIATED CHEMICAL REACTIONS 
Rafael Martín Romero Segura 
 
Development of Hypervalent Iodine(III)-Mediated Chemical Reactions 
- 100 - 
NMs2
NMs2
N3
NMs2
NMs2
MeO2C
NMs2
NMs2
OAc22
A: 69%, 96% ee
B: 61%, 93% ee
23
A: 62%, 98% ee
B: 47%, 97% ee
24
A: 74%, 97% ee
B: 67%, 98% ee
NMs2
NMs2
NMs2
NMs2
CN 26
A: 60%, 97% ee
B: 57%, 97% ee
25
A: 58%, 96% ee
B: 37%, 96% ee
O
H
HH
NMs2
O
H
HH
28
A: 45%, 10:1 d.r.
29
A: 33%, 10:1 d.r.
NMs2NMs2
NMs2
NMs2
A: 27.1 R = NMs2 
43%, 96% ee[b]
27.2 R = OH [c]
R
 
Figure 18. General scope for intermolecular alkene enantioselective diamination catalised by I(III). 
General conditions: MTBE:HFIP (3:1, 0.3M). Method A: 20 mol% catalyst 13.1 and two additions of 
mCPBA. Method B: 10 mol% catalyst 13.1 and four additions of mCPBA. [a] With ent-13.1 as catalyst. 
[b] Reaction carried out in a mixture MTBE:TFE (2:1, 0.15M) at -20 ºC. [c] Racemic aminoxygenated 
byproduct observed employing the general conditions. 
 
The optimised catalysts and reaction conditions were then employed to explore the 
scope of the catalytic asymmetric diamination reaction of styrenes. This reaction shows 
a broad functional group tolerance for a large number of substrates affording good 
yields and excellent enantioselectivities when 20 mol% catalyst loading is used (method 
A). Electron-withdrawing and electron-donating ortho-, meta- and para-substituents 
were tolerated and only 2-vinyl-naphtalene gave a significantly lower yield, probably 
due to overoxidation. When 10 mol% catalyst is used (method B), slightly lower yields 
are afforded, although enantioselectivities remained very high (Figure 18). All catalyses 
with the (R,R)-configured catalyst 13.1 gave uniformly the corresponding (S)-
configured 1-aryl ethylene diamines. This methodology also tolerates internal alkenes 
(27.1) under slightly different conditions that were particularly optimised for this kind 
of substrates. This modification in the reaction conditions is required in order to avoid 
the aminoalcohol byproduct (27.2) in this kind of substrate. 
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The enantiomeric catalyst ent-13.1 provides a series of (R)-configured diamines with 
similar yield and ee as it is exemplified with substrate ent-21. This exemplifies that both 
enantiomeric diamine series are available depending on the absolute configuration of 
the catalyst. Substrates containing pre-installed stereogenic centres were equally well 
diaminated (28 and 29) with both catalyst enantiomers. They privided an excellent 
diasteromeric ratio, demonstrating a complete catalyst control in the alkene face 
selectivity and thus overriding any stereochemical information that could potentially be 
exercised by the substrate backbone. 
 
Another 8 achiral styrenes were diaminated with good yields and enantioselectivities. 
Those other 8 examples were performed by L. Barreiro and are not included in this 
Figure 18. The diamination of other internal alkenes (including part of its optimisation) 
were carried out by C. Martínez with moderate yield and excellent 
enantioselectivities.[138] 
 
O2N
Cl
Cl
NHCbz
OHC
NO2
OMe
N
CO2Et
Fe
30 31 32 33
34 35 36 37
38 39 40 41
42 43 44
F
Cl
 
Figure 19. Substrates that did not work under the present reaction conditions. 
 
A series of other substrates were also tested (Figure 19), but these did not give the 
desired diamination products. Styrenes with high electronic demand did not react at all 
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(30, 37, 43), as well as too hindered ones. For instance, when the diamination of o-o’-
dichlorostyrene (34) was attempted, only starting material was recovered. Styrenes with 
exceeding electrondensity gave only low yields accompanied by high levels of 
degradation. This may be caused by the reaction of the starting material with the 
terminal oxidant or under the polar solvent conditions (31, 38, 40, 41, 44). 
Substrates such as 2-vinylanilines (35) did not render diamination reactions, but some 
of the earlier reported indol formation[98] together with degradation was observed. 
 
Aliphatic alkenes (39) are beyond the scope of the present transformation and did not 
provide diamination. 1,2-Dihydronaphtalene (42) did not give the expected diaminated 
product either. 
 
Interestingly though, 2-fluoro-3-chlorostyrene (32) afforded a 1:1-mixture of starting 
material and diamination product, however, all efforts to bring this reaction to 
completion failed. 
 
 
3.2.2.5. Control experiments 
3.2.2.5.1. Deuterium labelling experiment 
 
NMs2
NMs2
D D
(45) (E)/(Z) = 85:15 (46) 82%87:13 d.r., 94% ee
(20 mol%),
mCPBA (2 equiv.), HNMs2 (2.5 equiv.)
MTBE:HFIP (3:1) (0.3 M), -5 ºC, 48 h
I
O N
O
ON
O
 
Scheme 72. Deuterium labelling control experiment. 
 
E-ß-Deuterostyrene (45) was synthesised as an (E)/(Z)-mixture of 85:15 according to a 
literature procedure.[140] The diamination reaction was carried out according to the 
general procedure. The final product (46) was obtained in 82% yield as a 87:13 
diastereomeric mixture, which corresponds to a perfect transfer of the alkene geometry 
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to the product, and represents a diastereoselectivity that is comparable to the case of 
internal alkenes. In addition, the retention of high enantioselectivity (94% ee) indicates 
that both nitrogen atoms are implemented in a stereoselective manner.  
The selective retention of deuteration in the homobenzylic position of the product 
corroborates the assumption that no potential aryl migration has occurred along the 
diamination reaction. 
 
E-"-Deuterostyrene (45): 1H NMR (400 MHz, CDCl3): # = 5.74 (d, J = 17.7 Hz, 1H), 
6.72 (br.d, J = 17.7 Hz, 1H), 7.23-7.36 (m, 3H), 7.39-7.43 (m, 2H). 
13C NMR (100 MHz, CDCl3): # = 113.6 (t, J = 24.6 Hz), 126.4, 127.9, 128.7, 136.9, 
137.7. 
 
 
Figure 20. 1H NMR spectrum of E-"-deuterostyrene. 
D
45
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Figure 21. 13C NMR spectrum of E-"-deuterostyrene. 
 
N. N’-((1S, 2R)-1-Phenyl-2-deutero-ethane-1,2-diyil)bis(N-methylsulfonyl)-
methanesulfonamide) (46) 
 
Isolated as white foam in 82% yield following the general procedure. 
 
1H NMR (400 MHz, CDCl3): # = 2.24-2.89 (bs, 3H), 3.24 (s, 6H), 3.27-3.75 (bs, 3H), 
4.76 (d, J = 5.2 Hz, 1H), 5.89 (d, J = 5.2 Hz, 1H), 7.38-7.45 (m, 3H), 7.61-7.62 (m, 2H). 
13C NMR (100 MHz, CDCl3): # = 43.2, 44.5 (bs), 50.5 (t, J = 22.1 Hz), 63.3, 129.1, 
129.8, 130.2, 133.8. 
IR )(cm-1): 3038, 3020, 2937, 1631, 1414, 1361, 1349, 1320,, 1262, 1201, 1153, 1109, 
1080, 1049, 1021, 1004, 964, 923, 882. 
HRMS (ESI+): calc. for [C12H19DN2NaO8S4]+: 472.0057; found: 472.0057. 
m.p.: 60-65 ºC. 
!]D27 : +10.8 (c = 1.0, CHCl3). 
HPLC: Chiralpak-IB, 0.8 mL/min, n-hexanes/EtOH, 80/20, v/v, tR1 = 16.1 min (S-
enantiomer), tR2 = 19.3 min (R-enantiomer). 94% ee (procedure GP-A). 
D
45
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Figure 22. 1H NMR spectrum of N, N’-[(1S, 2R)-1-Phenyl-2-deutero-ethane-1,2-diyil]bis[N-
(methylsulfonyl)methanesulfonamide]. 
. 
 
 
Figure 23. 13C NMR spectrum of N, N’-[(1S, 2R)-1-Phenyl-2-deutero-ethane-1,2-diyil]bis[N-
(methylsulfonyl)methanesulfonamide]. 
 
 
46
NMs2
NMs2
D
46
NMs2
NMs2
D
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3.2.2.5.2. Additional control experiments. Stoichiometric diamination and catalytic 
diacetoxylation 
 
In order to establish whether the catalytic version of the diamination reaction follows a 
mechanism similar to the stoichiometric one, the parent I(III) reagent (13.2) was 
synthesised with a mixture of acetic acid and peracetic acid. The isolated compound 
was not stable enough to acquire full spectroscopic data; nevertheless, in the same 
reaction conditions it provides similar yields and enantiomeric excess (Table 6, entry 3) 
to the catalytic version. In addition, if instead of the previously published hypervalent 
reagent (12) (Table 6, entry 1) this new iodine(III) reagent (13.2) is used, the same 
enantiomer is afforded suggesting the same mechanism in both cases. Those 
experiments support that both iodine reagents follow the same mechanism both in 
catalytic and stoichiometric conditions. 
 
NMs2
0.5 mmol
Hypervalent reagent (1.2 equiv.)
HNMs2 (2.5 equiv.)
Conditions
NMs2
Hypervalent reagent Conditions Yield (%) ee (%)Entry
1
I
O OMe
O
O
O AcO OAc
I
O N
O
ON
O AcO OAc
I
O N
O
ON
O AcO OAc
MeO CH2Cl2, 0 ºC, 15 h 86 85
CH2Cl2, 0 ºC, 15 h 60 85
MTBE:HFIP (3:1), -5 ºC, 48 h 78 93
2
3
(12)
(13.2)
(13.2)  
Table 6. Stoichiometric control reactions. 
 
Previously, it was reported that the catalytic diacetoxylation reaction proceeds through a 
Woodward mechanism due to the presence of hydroxyacetoxy products in the crude 
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mixture before the acetylation (Scheme 73a). This implies that the stereochemistry at 
the benzylic position is fixed throughout the first nucleophilic addition; thus, a double 
inversion at that carbon centre is not possible in order to achieve the corresponding 
opposite steroisomer. When diacetoxylation is performed with this new chiral iodine 
(13.1), the same outcome is obtained (see Scheme 73, top), giving the (S)-enantiomer.  
 
I
O N
O
ON
O
OAc(20 mol%)
TfOH (1 equiv.), AcOOH (2 equiv.)
AcOH, r.t., 15 h
then, Ac2O (2.5 equiv.), Py (2.5 equiv.)
DMAP (0.25 equiv.), CH2Cl2, r.t., 5 h
OAc
86%, 53% ee
O
O
I*
O(Ac)(H)
O(H)(Ac)
O
SN
I*
O O
N O
Ms
NMs2
NMs2
N
SO
I*
O O NMs2
NMs2
S N
O
Ms
Ms
H2O
S
O
OMs
HNMs2
HNMs2
a)
b)
c)
 
Scheme 73. Enantioselective catalytic diacetoxylation with the catalyst for diamination; a) 
Diacetoxylation pathway; b) Diamination pathway with nitrogen attack; c) Diamination pathway with 
oxygen attack. 
 
This results demonstrates that the alkene approach has to occur in a similar way, that is, 
by selection of the identical alkene face for both catalysts. As the first bismesylimide 
attack has to occur at the benzylic position, the only way to rationalise this 
stereochemical outcome is through a direct attack of the nitrogen atom at that carbon. In 
this case, following those arguments, the alternative oxygen attack cannot take place 
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first of all as it was described for the racemic version in Chapter 2. Hence, the only 
possible option would be a direct nitrogen attack. This difference between both 
reactions may be produced by the chiral environment itself, which conformationally 
enforces this different reaction behaviour. 
 
I
O O N
O
N
O
AcOOH (2.5 equiv.)
AcOH
I
O O N
O
N
O O OAc
AcH
O H
47.1 47.2  
a) b) 
 
 
 
 
 
 
 c) 
 
 
 
 
 
 
 
 
Figure 24. X-Ray structures of a) Chiral iodine(I) catalyst (13.1); b) Catalyst-related iodoarene (47.1); c) 
Catalyst-related diacetoxyiodoarene (47.2). 
 
Due to the instability of the iodine(III) catalyst (13.2) itself, the parent iodine(III) 
compound without para substitution at the arene core (47.2) was synthesised from 
oxidation with peracetic acid and analysed. X-Ray crystal structure analysis showed a 
similar almost parallel orientation of the chiral units for both iodine (I) compounds 13.1 
and 47.1 (Figure 24, a and b). However, iodine(III) compound (47.2) shows a 
supramolecular helical C2-symmetry that is not present in the parent iodine(I) 
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compounds. This conformation is achieved through a hydrogen bond with an additional 
water molecule (Figure 24, c), that is reminiscent of the hydrogen bonding observed 
between the N-H and the oxygen of the acetate in the diacetoxylation reaction,[132] but 
with an enlarged binding pocket for the nitrogen source accommodation. 
 
Thus, a supramolecular conformation is obtained that would ensure a perfect alkene 
face differentiation. This fact can also explain the higher enantioselectivity of amides 
with regard to the corresponding alkyl ester moiety. This supramolecular structure can 
be better observed from a top view of the molecule, which displays a perfect C2-
symmetry for the catalyst-related diacetoxyiodoarene, but not for the parent iodoarene 
(Figure 25). 
 
a) b) 
 
 
 
 
 
 
Figure 25. Top view of a) C2-symmetry in the helical supramolecular structure of the catalyst-related 
diacetoxyiodoarene; b) Catalyst-related iodoarene. 
 
Based on all these specific details of the reaction, the following mechanism is proposed 
(Figure 26). 
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O O NiPr2
O
iPr2 N
O I
O O NiPr2
O
iPr2 N
O I
O O NiPr2
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iPr2 N
O I
O O NiPr2
O
iPr2 N
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Ms2N NMs2 NMs2
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Figure 26. Proposed mechanism for the enantioselective catalytic diamination. 
 
A combination of the terminal oxidant and the nitrogen source transform the original 
iodine(I) catalyst state into the active iodine(III) catalyst state A. The induced helical 
chirality of this molecule promotes an efficient differentiation of the enantiotopic alkene 
faces of the styrene substrate. Subsequent anti-iodoamination affords the 
enantiomerically enriched aminoiodinated catalyst state C. Intramolecular reductive 
elimination regenerates the iodine(I) catalyst state and provides intermediate D. 
 
Cyclic compound D then undergoes ring opening by a second bismesylimide rendering 
the final diaminated compound in a Prèvost-type mechanism in agreement with the 
correct diastereochemistry. 
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3.3. CONCLUSIONS 
 
In this work, an unprecedented enantioselective catalytic vicinal diamination of styrenes 
has been developed. The main strength of this methodology rests with the appropriate 
combination of solvent and temperature that effectively eliminates the epoxidation 
background reaction, allowing the use of the powerful mCPBA as terminal oxidant. A 
large series of terminal styrenes with different substituents and substitution pattern were 
diaminated with good to excellent yields and excellent enantioselectivities at a 20 mol% 
catalyst loading. Additionally, the catalyst loading could be reduced to 10 mol% 
without any loss in enantioselectivity, provided that the number of mCPBA additions 
was increased. The enantiomer of the catalyst from the non-natural chiral source was 
also synthesised, providing a useful tool to access both enantiomeric series of the 
corresponding diaminated compounds. It also demonstrated a complete reagent control 
for the cases of chiral substrates, providing a different diasteromer as a result of 
complete external catalyst control. 
 
These results show a significantly enhanced enantioselection power when compared to 
the previously reported stoichiometric reaction. X-ray analyses of a related iodoarene 
and its diacetoxyiodoarene point to a supramolecular C2-symmetry present in the latter, 
that is fixed through a hydrogen bonding by a molecule of water, which creates the 
necessary chiral environment for the alkene face differentiation. Stereochemical 
analysis of the product is in agreement with a Prèvost-type mechanism, in which an 
initial nitrogen insertion sets the stereochemical outcome. 
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3.4. EXPERIMENTAL SECTION 
 
3.4.1. General procedures 
 
General procedure for the synthesis of catalysts (GP1) 
The corresponding iodoarene (2R,2’R)-2,2’-(2-iodo-1,3-phenylene)bis(oxy)dipropanoic 
acid or (2R,2’R)-2,2’-(2-iodo-5-methyl-1,3-phenylene)bis(oxy)dipropanoic acid)[132] 
(8.6 mmol) was suspended in DCM (43 mL) under argon atmosphere and oxalyl 
chloride (5 equiv.) was added followed by the addition of a catalytic amount of 
dimethylformamide. The mixture was stirred at room temperature for 1.5 h and then, 
concentrated under reduced pressure. The crude product was re-dissolved in THF (43 
mL) under argon atmosphere and amine (2.4 equiv.) was added followed by addition of 
triethylamine (2.4 equiv.). The final mixture was stirred overnight and quenched by 
addition of a saturated aqueous solution of NH4Cl. After extraction with DCM, the 
combined organic phases were dried over anhydrous Na2SO4, concentrated under 
reduced pressure and purified by flash chromatography. Catalyst enantiomer was 
synthesised starting with methyl D-lactate and following the same proceeding.  
 
General procedure for the diamination of terminal alkenes 
20 mol% catalyst (GP-A) 
In a sealed pyrex tube, styrene (0.5 mmol) was added to a mixture of HNMs2 (2.5 
equiv.), 2,2'-(2-iodo-5-methyl-1,3-phenylene)bis(oxy))bis(N,N-diisopropyl-
propanamide) (0.2 equiv.) and mCPBA (1 equiv.) in HFIP (0.45 mL) and MTBE (1.3 
mL) at -5 ºC. After 24 h of reaction, another portion of mCPBA (1 equiv.) was added 
and the final mixture was stirred for 24 additional hours. After this 48 h reacting time, 
the mixture was quenched with NaHCO3 and extracted with DCM (3x), dried over 
Na2SO4 and evaporated under reduced pressure. The final crude product was purified by 
chromatography (silica gel, n-hexane/ethyl acetate, 85/15, v/v to 2/1, v/v) to give the 
pure diaminated product. 
 
10 mol% catalyst (GP-B) 
In a sealed pyrex tube, styrene (0.5 mmol) was added to a mixture of HNMs2 (2.5 
equiv.), 2,2'-(2-iodo-5-methyl-1,3-phenylene)bis(oxy))bis(N,N-diisopropyl-
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propanamide) (0.1 equiv.) and mCPBA (0.5 equiv.) in HFIP (0.45 mL) and MTBE (1.3 
mL) at -5 ºC. After 12 h of reaction, another portion of mCPBA (0.5 equiv.) was added, 
repeating the addition every 12 h until 4 additions are done. After this 48 h reacting, the 
mixture was quenched with an aqueous solution of NaHCO3 and extracted with DCM 
(3x), dried over Na2SO4 and evaporated under reduced pressure. The final crude product 
was purified by chromatography (silica gel, n-hexane/ethyl acetate, 85/15, v/v to 2/1, 
v/v) to give the pure diaminated product. 
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3.4.2. Compound characterisation 
 
3.4.2.1 Iodine(I) catalysts 
 
(2R,2'R)-2,2'-((2-Iodo-1,3-phenylene)bis(oxy))bis(N,N-dimethylpropanamide) 
Isolated as rose solid in 91% yield following general 
proceeding GP1. Spectroscopic data in accordance 
with literature.[141] 
1H NMR (400 MHz, CDCl3): # = 1.65-1.72 (m, 6H), 2.88-2.94 (m, 6H), 3.08-3.14 (m, 
6H), 4.95 (q, J = 6.9 Hz, 2H), 6.40-6.49 (m, 2H), 7.10-7.19 (m, 1H). 13C NMR (100 
MHz, CDCl3): # = 17.8, 36.5, 37.0, 76.3, 78.7, 106.2, 130.4, 157.7, 170.6. IR )(cm-1): 
2990, 2937, 1650, 1586, 1495, 1458, 1417, 1399, 1375, 1346, 1287, 1249, 1167, 1092, 
1058, 1018, 758. HRMS (ESI+): calc. for [C16H24IN2O4]+: 435.0775; found: 435.0768. 
m.p.: 152-154 ºC. [!]D27 : -81.2 (c = 1.00, CHCl3). 
 
(2R,2'R)-2,2'-((2-Iodo-5-methyl-1,3-phenylene)bis(oxy))bis(N,N-dimethyl-
propanamide) 
Isolated as white solid in 87% yield following general 
proceeding GP1. 
1H NMR (400 MHz, CDCl3): # = 1.68 (d, J = 6.8 Hz, 
6H), 2.26 (s, 3H), 2.92 (s, 6H), 3.11 (s, 6H), 4.93 (q, J 
= 6.9 Hz, 2H), 6.30 (s, 2H). 13C NMR (100 MHz, CDCl3): # = 17.8, 22.1, 36.5, 37.0, 
74.8, 76.2, 107.2, 141.0, 157.3, 170.6. IR )(cm-1): 2987, 2936, 1651, 1575, 1498, 1445, 
1420, 1400, 1376, 1343, 1308, 1258, 1241, 1169, 1103, 1018, 801. HRMS (ESI+): 
calc. for [C17H26IN2O4]+: 449.0932; found: 449.0924.  m.p.: 125-127 ºC. [!]D27 : -157.1 
(c = 1.00, CHCl3). 
 
(2R,2'R)-2,2'-((2-Iodo-1,3-phenylene)bis(oxy))bis(N-methyl-N-phenylpropanamide) 
Isolated as pale-yellow solid in 32% yield 
following general proceeding GP1. 
Spectroscopic data in accordance with 
literature.[142] 
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1H NMR (400 MHz, CDCl3): # = 1.50 (d, J = 6.4 Hz, 6H), 3.28 (s, 6H), 4.60-4.75 (m, 
2H), 6.25 (d, J = 8.4 Hz, 2H), 7.00-7.15 (m, 5H). 7.30-7.43 (m, 6H). 13C NMR (100 
MHz, CDCl3): # = 18.3, 38.1, 73.2, 83.2, 108.7, 127.4, 128.3, 129.1, 130.0, 142.6, 
158.1, 170.5. IR )(cm-1): 3059, 2985, 2939, 1660, 1590, 1495, 1458, 1417, 1385, 1335, 
1290, 1249, 1186, 1145, 1094, 1063, 1033, 1022, 1001, 928. HRMS (ESI+): calc. for 
[C26H28IN2O4]+: 559.1088; found: 559.1076.  m.p.: 133-136 ºC. [!]D27 : -96.5 (c = 1.00, 
CHCl3). 
 
(2R,2'R)-2,2'-((2-Iodo-5-methyl-1,3-phenylene)bis(oxy))bis(N-methyl-N-phenyl-
propanamide) 
Isolated as a pale-yellow solid in 99% yield 
following general proceeding GP1. 
1H NMR (400 MHz, CDCl3): # = 1.50 (d, 
J = 6.3 Hz, 6H), 2.20 (s, 3H), 3.28 (s, 6H), 
4.60-4.68 (m, 2H), 6.04 (s, 2H), 7.07-7.14 (m, 4H), 7.31-7.40 (m, 6H). 13C NMR (100 
MHz, CDCl3): # = 18.4, 21.6, 38.1, 73.0, 79.1, 109.8, 127.4, 128.3, 130.0, 139.4, 142.7, 
157.7, 170.6. IR )(cm-1): 2993, 2927, 1661, 1594, 1576, 1494, 1450, 1388, 1369, 1313, 
1269, 1234, 1182, 1142, 1100, 1018, 1000, 804. HRMS (ESI+): calc. for 
[C27H30IN2O4]+: 573.1245; found: 573.1233.  m.p.: 134-135 ºC. [!]D27 : -77.6 (c = 1.00, 
CHCl3). 
 
(2R,2'R)-2,2'-((2-Iodo-1,3-phenylene)bis(oxy))bis(N,N-diisopropylpropanamide) 
(47.1) 
Isolated as a white solid in 76% yield following 
general proceeding GP1. Spectroscopic data in 
accordance with literature.[141] 
1H NMR (400 MHz, CDCl3): # = 0.92 (d, J = 6.7 Hz, 6H), 1.19 (d, J = 6.7 Hz, 6H), 
1.29 (d, J = 6.7 Hz, 6H), 1.41 (d, J = 6.7 Hz, 6H), 1.67 (d, J = 6.9 Hz, 6H), 3.30 (sept, J 
= 6.7 Hz, 2H), 4.54 (sept, J = 6.7 Hz, 2H), 4.84 (q, J = 6.9 Hz, 2H), 6.53 (d, J = 8.3 Hz, 
2H), 7.13 (t, J = 8.3 Hz, 1H). 13C NMR (100 MHz, CDCl3): # = 18.1, 20.0, 20.7, 20.8, 
21.1, 46.6, 47.8, 78.1, 78.7, 106.1, 130.0, 157.9, 169.6. IR )(cm-1): 2996, 2968, 2931, 
1653, 1633, 1588, 1461, 1443, 1374, 1340, 1310, 1281, 1253, 1209, 1190, 1162, 1142, 
1118, 1089, 1060, 1040, 1019, 928. HRMS (ESI+): calc. for [C24H39IN2NaO4]+: 
569.1847; found: 569.1836. m.p.: 133-134 ºC. 
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2,2'-((2-Iodo-5-methyl-1,3-phenylene)bis(oxy))bis(N,N-diisopropylpropanamide) 
(13.1) 
I
OO N
O
N
O
                      
I
OO N
O
N
O
 
Isolated as white solid in 63% yield (2R,2'R) enantiomer, 75% yield (2S,2'S) 
enantiomer, following general proceeding GP1. 
1H NMR (400 MHz, CDCl3): # = 0.90 (d, J = 6.5 Hz, 6H), 1.19 (d, J = 6.7 Hz, 6H), 
1.30 (d, J = 6.7 Hz, 6H), 1.42 (d, J = 6.7 Hz, 6H), 1.66 (d, J = 6.9 Hz, 6H), 2.22 (s, 3H), 
3.31 (sept, J = 6.8 Hz, 2H), 4.52 (sept, J = 6.6 Hz, 2H), 4.81 (q, J = 6.9 Hz, 2H), 6.35 (s, 
2H). 13C NMR (100 MHz, CDCl3): # = 18.1, 19.9, 20.6, 20.8, 21.1, 21.9, 46.6, 47.7, 
74.7, 77.8, 107.2, 140.6, 157.5, 169.8. IR )(cm-1): 2964, 2936, 1645, 1620, 1579, 1441, 
1419, 1374, 1345, 1311, 1288, 1236, 1207, 1145, 1130, 1116, 1091, 1062, 1034, 1024, 
831. HRMS (ESI+): calc. for [C25H42IN2O4]+: 561.2184; found: 561.2188.  m.p.: 161-
164 ºC. [!]D27 : -161.8 (c = 1.00, CHCl3) [(2R,2'R) enantiomer]. [!]D27 : +121.2 (c = 
1.00, CHCl3) ((2S,2'S) enantiomer). HPLC: UPC2 Chiralpack IC (100x4.6 mm, 3 µm), 
CO2/IPA, 75/25, v/v, 3 mL/min, 1500 psi/min, tR1 1.7 min [(2R,2'R)-enantiomer], tR2 3.0 
min [(2S,2'S)-enantiomer]. 99% ee [(2R,2'R)-enantiomer], 97% ee [(2S,2'S)-
enantiomer]. 
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3.4.2.2. Iodine(III) reagents 
 
(2R,2'R)-2,2'-((2-(Diacetoxy)iodo-1,3-phenylene)bis(oxy))bis(N,N-diisopropyl-
propanamide) (47.2) 
Isolated as white solid in 99% yield following 
procedure described in literature.[143] 
1H-NMR (500 MHz, CDCl3): # = 1.00 (d, J = 
6.7 Hz, 6H), 1.21 (d, J = 6.7 Hz, 6H), 1.36 (d, J = 6.7 Hz, 6H), 1.44 (d, J = 6.7 Hz, 6H), 
1.63 (d, J = 6.9 Hz, 6H), 1.93 (s, 6H), 3.37 (sept, J = 6.7 Hz, 2H), 4.44 (sept, J = 6.7 Hz, 
2H), 4.88 (q, J = 6.9 Hz, 2H), 6.77 (d, J = 8.4 Hz, 2H), 7.41 (d, J = 8.4 Hz, 1H). 13C-
NMR (100 MHz, CDCl3): # = 17.9, 19.9, 20.4, 20.6, 20.7, 20.9, 46.6, 48.1, 79.2, 105.2, 
106.4, 135.6, 156.9, 169.0, 176.9. IR )(cm-1): 3076, 2968, 2933, 2875, 1723, 1632, 
1588, 1571, 1464, 1443, 1371, 1362, 1343, 1274, 1253, 1209, 1141, 1115, 1090, 1062, 
1037, 1007, 924, 881. HRMS (MALDI+): calc. for [C26H42IN2O6]+: 605.2082; found: 
605.2068.  m.p.: 68-71 ºC. [!]D27 : -97.5 (CHCl3, c=0.10). 
 
(2R,2'R)-2,2'-((2-Diacetoxyiodo-5-methyl-1,3-phenylene)bis(oxy))bis(N,N-
diisopropylpropanamide) (13.2) 
Compound obtained as a mixture 83:17 of I(III) 
(mayor) and I(I) following procedure described 
in literature.[143] 
1H-NMR (500 MHz, CDCl3): # = 0.99 (d, J = 
6.5 Hz, 6H), 1.20 (d, J = 6.8 Hz, 6H), 1.36 (d, J = 6.8 Hz, 6H), 1.44 (d, J = 6.4 Hz, 6H), 
1.62 (d, J = 6.5 Hz, 6H), 1.92 (s, 6H), 2.33 (s, 3H), 3.33-3.39 (m, 2H), 4.40-4.46 (m, 
2H), 4.83-4.88 (m, 2H), 6.57 (s, 2H). 
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3.4.2.3. Diamination products 
 
(S)-N,N'-(1-([1,1'-Biphenyl]-4-yl)ethane-1,2-diyl)bis(N-(methylsulfonyl)methane-
sulfonamide) (14) 
Isolated as white foam in 58% (procedure GP-A) or 40% 
(procedure GP-B) yield. Spectroscopic data in accordance 
with literature.[101] 
1H NMR (500 MHz, CDCl3): # = 2.30-2.70 (bs, 3H), 3.27 
(s, 3H), 3.30-3.68 (bs, 3H), 4.60 (dd, J = 6.7, 15.4 Hz, 1H), 4.83 (dd, J = 5.5, 15.3 Hz, 
1H), 5.95 (dd, J = 5.4, 6.7 Hz, 1H), 7.37-7.41 (m, 1H), 7.45-7.48 (m, 2H), 7.60-7.62 (m, 
2H), 7.67-7.71 (m, 4H). 13C NMR (125 MHz, CDCl3): # = 43.3, 44.5 (bs), 50.8, 63.3, 
127.2, 127.6, 128.2, 129.1, 130.6, 132.6, 139.7, 142.5. HPLC: Chiralpak-IB, 0.8 
mL/min, n-hexanes/EtOH, 80/20, v/v, tR1 = 24.3 min (S-enantiomer), tR2 = 26.4 min (R-
enantiomer). 91% ee (procedure GP-A), 91% ee (procedure GP-B). 
 
 
 
 
 
 
 
(S)-N,N'-(1-(4-(Acetoxy)phenyl)ethane-1,2-diyl)bis(N-(methylsulfonyl)methane-
sulfonamide) (15) 
Isolated as white foam in 73% (procedure GP-A) or 67% 
(procedure GP-B) yield. Spectroscopic data in accordance 
with literature.[101]  
1H NMR (400 MHz, CDCl3): # = 2.29 (s, 3H), 2.35-3.00 (bs, 3H), 3.23 (s, 6H), 3.10-
3.80 (bs, 3H), 4.53 (dd, J = 6.7, 15.5 Hz, 1H), 4.76 (dd, J = 5.5, 15.3 Hz, 1H), 5.88-5.91 
(m, 1H), 7.16 (d, J = 8.5 Hz, 2H), 7.64 (dd, J = 8.5 Hz, 2H). 13C NMR (125 MHz, 
CDCl3): # = 21.2, 43.2, 44.5 (bs), 50.7, 62.9, 122.4, 131.3, 131.4, 151.5, 169.1. HPLC: 
Chiralpak-IB, 0.8 mL/min, n-hexanes/EtOH, 80/20, v/v, tR1 = 22.3 min (S-enantiomer), 
tR2 = 28.3 min (R-enantiomer). 95% ee (procedure GP-A), 96% ee (procedure GP-B). 
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(S)-N,N'-(1-(2-Fluorophenyl)ethane-1,2-diyl)bis(N-(methylsulfonyl)methane-
sulfonamide) (16) 
Isolated as white foam in 69% (procedure GP-A) or 62% 
(procedure GP-B) yield. Spectroscopic data in accordance with 
literature.[101] 
1H NMR (400 MHz, CDCl3): # = 2.63-3.37 (bs, 6H), 3.41 (s, 6H), 4.48 (dd, J = 2.9, 
15.0 Hz, 1H), 4.79 (dd, J = 9.6, 15.3 Hz, 1H), 6.14 (dd, J = 2.9, 9.1 Hz, 1H), 7.13-7.18 
(m, 1H), 7.23 (dt, J = 1.0, 7.7 Hz, 1H), 7.40-7.46 (m, 1H), 7.54 (dt, J = 1.5, 7.7 Hz, 1H). 
13C NMR (100 MHz, CDCl3): # = 42.9, 44.6 (bs), 50.3, 56.8, 116.3 (d, J = 21.8 Hz), 
121.4 (d, J = 13.1 Hz), 124.5 (d, J = 3.7 Hz), 131.5 (d, J = 2.6 Hz), 131.8 (d, J = 8.6 
Hz), 161.2 (d, J = 252.3 Hz). 19F-NMR (376 MHz, CDCl3): # = - 111.3. HPLC: UPC2 
Chiralpack IC (100x4.6 mm, 3 µm), CO2/EtOH, 95/5, v/v, 3 mL/min, 1500 psi, tR1 = 1.3 
min ( R-enantiomer), tR2 = 2.6 min (S-enantiomer). 93% ee (procedure GP-A), 93% ee 
(procedure GP-B). 
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(S)-N,N'-(1-(3-(Methoxy)phenyl)ethane-1,2-diyl)bis(N-(methylsulfonyl)methane-
sulfonamide) (17) 
Isolated as white foam in 59% (procedure GP-A) or 46% 
(procedure GP-B) yield. Spectroscopic data in accordance 
with literature.[101]  
1H NMR (500 MHz, CDCl3): # = 2.32-2.92 (bs, 3H), 3.24 (s, 6H), 3.29-3.69 (bs, 3H), 
3.83 (s, 3H), 4.52 (dd, J = 6.4, 15.3 Hz, 1H), 4.81 (dd, J = 5.5, 15.4 Hz, 1H), 5.87 (pst, J 
= 6.0 Hz, 1H), 6.92-6.96 (m, 1H), 7.26-7.18 (m, 1H), 7.19-7.23 (m, 1H), 7.32-7.36 (m, 
1H). 13C NMR (125 MHz, CDCl3): # = 43.3, 44.5 (bs), 50.8, 55.6, 63.3, 115.4, 115.6, 
122.4, 130.1, 135.2, 160.0. HPLC: UPC2 Chiralpack IC (100x4.6 mm, 3 µm), 
CO2/EtOH, 95/5, v/v, 3 mL/min, 1500 psi, tR1 = 1.3 min (R-enantiomer), tR2 = 1.8 min 
(S-enantiomer). 91% ee (procedure GP-A), 88% ee (procedure GP-B). 
 
 
(S)-N,N'-(1-(3-Fluorophenyl)ethane-1,2-diyl)bis(N-(methylsulfonyl)methane-
sulfonamide) (18) 
Isolated as white foam in 77% (procedure GP-A) or 71% 
(procedure GP-B) yield. Spectroscopic data in accordance with 
literature.[101] 
1H NMR (400 MHz, CDCl3): # = 2.38-3.00 (bs, 3H), 3.27 (s, 6H), 3.28-3.68 (bs, 3H), 
4.56 (dd, J = 6.7, 15.4 Hz, 1H), 4.73 (dd, J = 5.2, 15.3 Hz, 1H), 5.86 (dd, J = 5.4, 6.5 
Hz, 1H), 7.10-7.15 (m, 1H), 7.34-7.37 (m, 1H), 7.41-7.46 (m, 2H). 13C NMR (100 
MHz, CDCl3): # = 43.2, 44.6 (bs), 50.6, 62.8, 116.9 (d, J = 21.0 Hz), 117.3 (d, J = 22.5 
Hz), 125.9 (d, J = 3.1 Hz), 130.8 (d, J = 8.1 Hz), 136.3 (d, J = 7.0 Hz), 162.8 (d, J = 
249.0 Hz). 19F-NMR (376 MHz, CHCl3): # = - 110.5. HPLC: UPC2 Chiralpack IA 
(100x4.6 mm, 3 µm), CO2/IPA, 95/5, v/v, 3 mL/min, 1500 psi, tR1 = 2.5 min (S-
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enantiomer), tR2 = 4.4 min (R-enantiomer). 97% ee (procedure GP-A), 96% ee 
(procedure GP-B). 
 
 
(S)-N,N'-(1-(4-Chlorophenyl)ethane-1,2-diyl)bis(N-(methylsulfonyl)methane-
sulfonamide) (19) 
Isolated as white foam in 75% (procedure GP-A) or 70% 
(procedure GP-B) yield. Spectroscopic data in accordance with 
literature.[101] 
1H NMR (500 MHz, CDCl3): # = 2.30-2.82 (bs, 3H), 3.26 (s, 6H), 3.31-3.67 (bs, 3H), 
4.53 (dd, J = 6.4, 15.5 Hz, 1H), 4.75 (dd, J = 5.5, 15.3 Hz, 1H), 5.84-5.87 (m, 1H), 7.43 
(d, J = 8.6 Hz, 2H), 7.58 (d, J = 8.6 Hz, 2H). 13C NMR (125 MHz, CDCl3): # = 43.3, 
44.6 (bs), 50.7, 62.8, 129.4, 131.6, 132.4, 136.0. HPLC: UPC2 Chiralpack IA (100x4.6 
mm, 3 µm), CO2/IPA, 90/10, v/v, 3 mL/min, 1500 psi, tR1 = 1.5 min (S-enantiomer), tR2 
= 2.2 min (R-enantiomer). 97% ee (procedure GP-A), 96% ee (procedure GP-B). 
Cl
NMs2
NMs2
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(S)-N,N'-(1-(Naphthalen-2-yl)ethane-1,2-diyl)bis(N-(methylsulfonyl) methane-
sulfonamide) (20) 
Isolated as white foam in 40% (procedure GP-A) or 20% 
(procedure GP-B) yield. Spectroscopic data in accordance 
with literature.[113] 
1H NMR (500 MHz, CDCl3): # = 2.20-2.59 (bs, 3H), 3.25 (s, 6H), 3.30-3.83 (bs, 3H), 
4.68 (dd, J = 6.6, 15.3 Hz, 1H), 4.94 (dd, J = 5.2, 15.3 Hz, 1H), 6.06-6.08 (m, 1H), 
7.55-7.57 (m, 2H), 7.71 (dd, J = 1.9, 8.6 Hz, 1H), 7.85-7.87 (m, 1H), 7.90-7.92 (m, 2H), 
8.09-8.10 (m, 1H). 13C NMR (125 MHz, CDCl3): # = 43.3, 44.5 (bs), 50.9, 63.6, 127.0, 
127.1, 127.6, 127.8, 128.7, 129.1, 129.9, 130.9, 132.8, 133.4. HPLC: UPC2 Chiralpack 
IA (100x4.6 mm, 3 µm), CO2/IPA, 85/15, v/v, 3 mL/min, 1500 psi, tR1 = 2.0 min (S-
enantiomer), tR2 = 2.4 min (R-enantiomer). 96% ee (procedure GP-A), 92% ee 
(procedure GP-B). 
 
N,N'-(1-(4-((1,3-Dioxoisoindolin-2-yl)methyl)phenyl)ethane-1,2-diyl)bis(N- 
(methylsulfonyl)methanesulfonamide) (21 and ent-21) 
(S) enantiomer (21) was isolated using catalyst 13.1 as white 
foam in 87% (procedure GP-A) or 31% (procedure GP-B) yield. 
(R) enantiomer (ent-21) was isolated applying catalyst ent-13.1 
as white foam in 80% yield (procedure GP-A) or 33% 
(procedure GP-B) Spectroscopic data in accordance with 
literature.[113] 
1H NMR (400 MHz, CDCl3): # = 2.30-2.86 (bs, 3H), 3.23 (s, 
6H), 3.25-3.74 (bs, 3H), 4.54 (dd, J = 6.8, 15.3 Hz, 1H), 4.72 
(dd, J = 5.2, 15.3 Hz, 1H), 4.86 (s, 2H), 5.86 (dd, J = 5.5, 6.8 
Hz, 1H), 7.46 (d, J = 8.3 Hz, 2H), 7.57 (d, J = 8.3 Hz, 2H), 7.73-7.75 (m, 2H), 7.85-
NMs2
NMs2
NMs2
NMs2
NPhth
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7.87 (m, 2H). 13C NMR (100 MHz, CDCl3): # = 41.2, 43.2, 44.6 (bs), 50.7, 63.1, 
123.7, 128.8, 130.5, 132.1, 133.4, 134.4, 138.1, 168.1. [!]D27 (for ent-21): -4.4 (c = 
0.10, CHCl3). HPLC: UPC2 Chiralpack IA (100x4.6 mm, 3 µm), CO2/IPA, 80/20, v/v, 
3 mL/min, 1500 psi, tR1 = 2.4 min (S enantiomer), tR2 = 3.1 min (R enantiomer). (S)-
Enantiomer: 98% ee  (procedure GP-A), 98% ee (procedure GP-B). (R)-Enantiomer): 
95% ee (procedure GP-A), 90% ee (procedure GP-B). 
 
 
 
 
 
 
 
 
 
 
(S)-N,N'-(1-(4-(Azidomethyl)phenyl)ethane-1,2-diyl)bis(N-(methylsulfonyl)-
methanesulfonamide) (22) 
Isolated as white foam in 69% (procedure GP-A) or 61% 
(procedure GP-B) yield. 
1H NMR (500 MHz, CDCl3): # = 2.20-2.82 (bs, 3H), 3.25 (s, 
6H), 3.28-3.76 (bs, 3H), 3.48 (s, 2H), 4.56 (dd, J = 6.7, 15.3 Hz, 
1H), 4.79 (dd, J = 5.3, 15.4 Hz, 1H), 5.89-5.92 (m, 1H), 7.40 (d, J = 8.3 Hz, 2H), 7.66 
(d, J = 8.3 Hz, 2H). 13C NMR (125 MHz, CDCl3): # = 43.3, 44.5 (bs), 50.7, 54.2, 63.1, 
128.9, 130.7, 134.0, 137.0. IR )(cm-1): 3050, 3022, 2940, 2095, 1414, 1352, 1329, 
NMs2
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N3
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1317, 1250, 1212, 1153, 1128, 1098, 1043, 988. HRMS (ESI+): calc. for 
[C13H21N5NaO8S4]+: 526.0165; found: 526.0160. m.p.: 160-164 ºC. 
[!]D27 : +3.6 (c = 1.0, CHCl3). HPLC: UPC2 Chiralpack IA (100x4.6 mm, 3 µm), 
CO2/IPA, 90/10, v/v, 3 mL/min, 1500 psi, tR1 = 2.5 min (S-enantiomer), tR2 = 3.3 min 
(R-enantiomer). 96% ee (procedure GP-A), 93% ee (procedure GP-B). 
 
(S)-N,N'-(1-(4-Methoxycarbonyl)phenyl)ethane-1,2-diyl)bis(N-(methylsulfonyl)-
methanesulfonamide) (23) 
Isolated as white foam in 62% (procedure GP-A) or 47% 
(procedure GP-B) yield. Spectroscopic data in accordance 
with literature.[113] 
1H NMR (500 MHz, CDCl3): # = 2.27-2.85 (bs, 3H), 3.27 (s, 6H), 3.31-3.74 (bs, 3H), 
3.94 (s, 3H), 4.60 (dd, J = 6.8, 15.3 Hz, 1H), 4.78 (dd, J = 5.2, 15.3 Hz, 1H), 5.91-5.94 
(m, 1H), 7.71 (d, J = 8.3 Hz, 2H), 8.11 (d, J = 8.3 Hz, 2H). 13C NMR (125 MHz, 
CDCl3): # = 43.3, 44.6 (bs), 50.5, 52.6, 62.9, 130.2, 131.4, 138.7, 166.2. HPLC: UPC2 
Chiralpack IB (100x4.6 mm, 3 µm), CO2/EtOH, 98/2, v/v, 3 mL/min, 1500 psi, tR1 = 3.6 
min (S-enantiomer), tR2 = 4.5 min (R-enantiomer). 98% ee (procedure GP-A), 97% ee 
(procedure GP-B). 
 
NMs2
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(S)-N,N'-(1-(4-(Acetoxymethyl)phenyl)ethane-1,2-diyl)bis(N-(methylsulfonyl)-
methanesulfonamide) (24) 
Isolated as white foam in 74% (procedure GP-A) or 67% 
(procedure GP-B) yield. 
1H NMR (500 MHz, CDCl3): # = 2.12 (s, 3H), 2.22-2.77 (bs, 
3H), 3.25 (s, 6H), 3.28-3.74 (bs, 3H), 4.58 (dd, J = 6.9, 15.3 Hz, 
1H), 4.75 (dd, J = 5.2, 15.3 Hz, 1H), 5.12 (s, 2H), 5.89 (dd, J = 5.4, 6.6 Hz, 1H), 7.41 
(d, J = 8.3 Hz, 2H), 7.61 (d, J = 8.3 Hz, 2H). 13C NMR (125 MHz, CDCl3): # = 21.1, 
43.2, 44.5 (bs), 50.7, 63.1, 65.5, 128.4, 130.3, 133.7, 137.9, 170.8. IR )(cm-1): 3019, 
2939, 1736, 1414, 1360, 1322, 1229, 1154, 1096, 1044, 965. HRMS (ESI+): calc. for 
[C15H25N2O10S4]+: 521.0387; found: 521.0383. m.p.: 75-77 ºC. [!]D27 : +5.9 (c = 1.00, 
CHCl3). HPLC: UPC2 Chiralpack IA (100x4.6 mm, 3 µm), CO2/IPA, 90/10, v/v, 3 
mL/min, 1500 psi, tR1 = 1.7 min (S-enantiomer), tR2 = 2.5 min (R-enantiomer). 97% ee 
(procedure GP-A), 98% ee (procedure GP-B). 
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(S)-N,N'-(1-(4-(Phenylethynyl)phenyl)ethane-1,2-diyl)bis(N-(methylsulfonyl)-
methanesulfonamide) (25) 
Isolated as white foam in 58% (procedure GP-A) or 
37% (procedure GP-B) yield. 
1H NMR (500 MHz, CDCl3): # = 2.26-2.95 (bs, 3H), 
3.26 (s, 6H), 3.27-3.75 (bs, 3H), 4.54 (dd, J = 6.5, 15.4 
Hz, 1H), 4.80 (dd, J = 5.5, 15.4 Hz, 1H), 5.88-5.92 (m, 
1H), 7.34-7.38 (m, 3H), 7.51-7.55 (m, 2H), 7.58-7.64 (m, 4H). 13C NMR (125 MHz, 
CDCl3): # = 43.3, 44.6 (bs), 50.7, 63.2, 88.3, 91.4, 122.8, 125.1, 128.6, 128.9, 130.2, 
131.8, 132.2, 133.6. IR )(cm-1): 3018, 2935, 1736, 1511, 1414, 1362, 1321, 1259, 
1154, 1124, 1093, 1050, 965. HRMS (ESI+): calc. for [C20H24N2NaO8S4]+: 571.0308; 
found: 571.0305. m.p.: 111-114 ºC. [!]D27 : +6.7 (c = 1.00, CHCl3). HPLC: UPC2 
Chiralpack IA (100x4.6 mm, 3 µm), CO2/IPA, 85/15, v/v, 3 mL/min, 1500 psi, tR1 = 3.2 
min (S-enantiomer), tR2 = 4.0 min (R-enantiomer). 96% ee (procedure GP-A), 96% ee 
(procedure GP-B). 
 
(S)-N,N'-(1-(4-(Cyanomethyl)phenyl)ethane-1,2-diyl)bis(N-(methylsulfonyl)-
methanesulfonamide) (26) 
Isolated as white solid in 60% (procedure GP-A) or 57% 
(procedure GP-B) yield. 
1H NMR (500 MHz, CDCl3): # = 2.19-2.85 (bs, 3H), 3.27 (s, 
6H), 3.33-3.67 (bs, 3H), 3.79 (s, 2H), 4.57 (dd, J = 6.6, 15.3 Hz, 
1H), 4.76 (dd, J = 5.3, 15.3 Hz, 1H), 5.88-5.90 (m, 1H), 7.43 (d, J = 8.4 Hz, 2H), 7.66 
(d, J = 8.3 Hz, 2H). 13C NMR (100 MHz, CDCl3): # = 23.6, 43.3, 44.6 (bs), 50.7, 62.9, 
117.3, 128.7, 131.0, 131.8, 134.1. IR )(cm-1): 3048, 3023, 2942, 1514, 1420, 1372, 
1350, 1334, 1315, 1152, 1126, 1098, 1049, 991. HRMS (ESI+): calc. for 
NMs2
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[C14H21N3NaO8S4]+: 510.0104; found: 510.0100. m.p.: 225-226 ºC. [!]D27 : +8.2 (c = 
1.10, CHCl3). HPLC: UPC2 Chiralpack IA (100x4.6 mm, 3 µm), CO2/IPA, 90/10, v/v, 
3 mL/min, 1500 psi, tR1 = 3.3 min (S-enantiomer), tR2 = 4.4 min (R-enantiomer). 97% ee 
(procedure GP-A), 97% ee (procedure GP-B). 
 
 
N,N’-[(1S,2R)-1-Phenylpropane-1,2-diyl]bis[N-(methylsulfonyl)methane-
sulfonamide] (27.1) 
Isolated as white solid in 43% yield (procedure GP-A at -20 ºC). 
Spectroscopic data in accordance with literature.[113]  
1H NMR (400 MHz, CDCl3): # = 1.84 (d, J = 6.9 Hz, 1H), 2.62 (s, 
3H), 2.77 (s, 3H), 3.02 (s, 3H), 3.40 (s, 3H), 5.86 (dq, J = 6.9, 10.9 Hz, 1H), 6.45 (d, J = 
10.9 Hz, 1H), 7.41-7.50 (m, 3H), 7.84-7.86 (m, 2H). 13C NMR (100 MHz, CDCl3): # = 
18.9, 43.6, 44.2, 44.3, 45.7, 59.1, 65.2, 129.5, 130.0, 130.9, 134.7. HPLC: Chiralpak-
IB, 0.8 mL/min, n-hexanes/EtOH, 80/20, v/v, tR1 = 15.1 min (1R,2S-enantiomer), tR2 = 
16.4 min (1S,2R-enantiomer). 96% ee. 
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N-(2-Hydroxy-1-phenylpropyl)-N-(methylsulfonyl)methanesulfonamide (27.2) 
 
1H-NMR (CDCl3, 400 MHz): ( = 1.49 (d, J = 6.2 Hz, 3H), 2.3-3.8 
(bs, 6H), 4.98-5.08 (m, 1H), 5.36 (d, J = 9.4 Hz, 1H), 7.36-7.48 (m, 
3H), 7.65-7.67 (m, 2H). 13C-NMR (CDCl3, 100 MHz): (  = 21.1, 44.1, 67.0, 68.4, 
129.4, 129.5, 129.9, 134.7. IR )(cm-1): 3322, 3044, 3019, 2984, 2967, 2937, 1499, 
1456, 1415, 1360, 1337, 1320, 1155, 1137, 1086, 1020, 967, 948, 923, 892. HRMS 
(ESI+): calc. for [C9H11O]+: 135.0804; found: 135.0806. m.p.: 124-125 ºC. 
 
Estrone derivative 28 
Isolated as white foam in 45% yield (procedure GP-A). 
1H NMR (400 MHz, CDCl3): # = 0.92 (s, 3H), 1.39-
1.65 (m, 6H), 1.96-2.55 (m, 10H), 2.91-2.95 (m, 2H), 
3.27 (s, 6H), 3.32-3.65 (bs, 3H), 4.59 (dd, J = 7.1, 15.2 
Hz, 1H), 4.70 (dd, J = 4.9, 15.3 Hz, 1H), 5.84 (dd, J = 
4.9, 7.0 Hz, 1H), 7.29-7.37 (m, 3H). 13C NMR (100 MHz, CDCl3): # = 14.0, 21.7, 
25.8, 26.4, 29.3, 31.7, 35.9, 38.1, 43.2, 44.4 (bs), 48.0, 50.7, 50.8, 63.1, 125.9, 127.2, 
130.6, 131.1, 137.5, 141.5, 220.6. IR )(cm-1): 3017, 2931, 2862, 1734, 1502, 1454, 
1412, 1362, 1321, 1259, 1155, 1098, 1084, 1049, 1008, 964. HRMS (ESI+): calc. for 
[C24H36N2NaO9S4]+: 647.1196; found: 647.1193. m.p.: 140-142 ºC. [!]D27 : +64.7 (c = 
1.00, CHCl3). Ratio of diasteromers: 10:1. 
 
Estrone derivative 29 
Isolated as white foam in 33% yield (procedure GP-A) 
by using catalyst ent-13.1. 
1H NMR (400 MHz, CDCl3): # = 0.91 (s, 3H), 1.38-
1.65 (m, 6H), 1.95-2.53 (m, 10H), 2.89-2.94 (m, 2H), 
3.26 (s, 6H), 3.35-3.63 (bs, 3H), 4.58 (dd, J = 7.1, 15.3 
Hz, 1H), 4.69 (dd, J = 4.9, 15.3 Hz, 1H), 5.83 (dd, J = 4.9, 7.1 Hz, 1H), 7.27-7.36 (m, 
3H). 13C NMR (100 MHz, CDCl3): # = 21.7, 25.7, 26.4, 29.4, 31.6, 35.9, 38.1, 43.2 
44.4 (bs), 48.0, 50.6, 50.7, 63.1, 125.9, 127.3, 130.5, 131.0, 137.4, 141.5, 220.7. IR 
)(cm-1): 3018, 2932, 2858, 1732, 1454, 1412, 1361, 1321, 1260, 1154, 1098, 1084, 
1048, 1009, 964. HRMS (APCI+): calc. for [C24H37N2O9S4]+: 625.1376; found: 
OH
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625.1379. m.p.: 125-130 ºC. [!]D27 : +55.6 (c = 1.00, CHCl3). Ratio of diasteromers: 
10:1. 
 
1:1 Mixture of Estrone derivative 28 and Estrone derivative 29 
 
Estrone derivative 28 
 
Estrone derivative 29 
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3.4.3. X-Ray analytical data. 
 
3.4.3.1. X-Ray data for compound (2R,2'R)-2,2'-((2-Iodo-1,3-
phenylene)bis(oxy))bis(N,N-diisopropylpropanamide) (47.1) 
 
Thermal probability ellipsoids are shown at the 50% probability level. 
 
 
Table EP5.  Crystal data and structure refinement for compound 47.1. 
_____________________________________________________________________ 
Identification code  CCDC 1497216 
Empirical formula  C24 H39 I N2 O4  
Formula weight  546.47 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P2(1) 
Unit cell dimensions a =  8.2650(6) Å !=  90 °. 
 b =  42.3212(19) Å $ = 117.963(8) °. 
 c =  8.6657(5) Å % =  90 °. 
Volume 2677.3(3) Å3 
Z 4 
Density (calculated) 1.356 Mg/m3 
Absorption coefficient 1.225 mm-1 
F(000)  1128 
Crystal size  0.2 x 0.2 x 0.03 mm3 
Theta range for data collection 2.661 to 30.596°. 
Index ranges -11<=h<=11,-58<=k<=57,-12<=l<=12 
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Reflections collected  42113 
Independent reflections 14508[R(int) = 0.1163] 
Completeness to theta =30.596°  92.7%  
Absorption correction  Multi-scan 
Max. and min. transmission  0.964 and 0.742 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  14508/ 1/ 579 
Goodness-of-fit on F2  1.025 
Final R indices [I>2sigma(I)]  R1 = 0.0685, wR2 = 0.1318 
R indices (all data)  R1 = 0.1125, wR2 = 0.1440 
Flack parameter  x =0.000(18) 
Largest diff. peak and hole  2.360 and -1.725 e.Å-3 
 
 
3.4.3.2. X-Ray data for compound (2R,2'R)-2,2'-((2-Iodo-5-methyl-1,3-
phenylene)bis(oxy))bis(N,N-diisopropylpropanamide) (13.1) 
 
Thermal probability ellipsoids are shown at the 50% probability level. 
 
 
Table EP6.  Crystal data and structure refinement for compound 13.1. 
_____________________________________________________________________ 
Identification code  CCDC 1497217 
Empirical formula  C25 H41 I N2 O4  
Formula weight  560.50 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
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Space group  P2(1) 
Unit cell dimensions a =  8.4867(6) Å != 90 °. 
 b =  42.907(3) Å $ = 118.8464(10) °. 
 c =  8.6105(6) Å % =  90 °. 
Volume 2746.4(3) Å3 
Z 4 
Density (calculated) 1.356 Mg/m3 
Absorption coefficient 1.196 mm-1 
F(000)  1160 
Crystal size  0.20 x 0.10 x 0.01 mm3 
Theta range for data collection 0.949 to 30.592°. 
Index ranges -12<=h<=10,-59<=k<=50,-4<=l<=12 
Reflections collected  22299 
Independent reflections 14003[R(int) = 0.0253] 
Completeness to theta =30.592°  94.0%  
Absorption correction  Multi-scan 
Max. and min. transmission  0.988 and 0.848 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  14003/ 1/ 599 
Goodness-of-fit on F2  1.142 
Final R indices [I>2sigma(I)]  R1 = 0.0517, wR2 = 0.1218 
R indices (all data)  R1 = 0.0532, wR2 = 0.1244 
Flack parameter  x =0.018(16) 
Largest diff. peak and hole  1.809 and -3.374 e.Å-3 
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3.4.3.3. X-Ray data for compound (2R,2'R)-2,2'-((2-(Diacetoxy)iodo-1,3-
phenylene)bis(oxy))bis(N,N-diisopropylpropanamide (47.2) 
 
Thermal probability ellipsoids are shown at the 50% probability level. 
 
 
Table EP7.  Crystal data and structure refinement for compound 47.2. 
_____________________________________________________________________ 
Identification code  CCDC 1404587 
Empirical formula  C28 H47 I N2 O9  
Formula weight  682.57 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P2(1) 
Unit cell dimensions a =  11.4085(5) Å % =  90 °. 
 b =  12.0467(4) Å " = 103.4360(16) °. 
 c =  12.3818(5) Å * =  90 °. 
Volume 1655.11(11) Å3 
Z 2 
Density (calculated) 1.370 Mg/m3 
Absorption coefficient 1.017 mm-1 
F(000)  708 
Crystal size  0.03 x 0.02 x 0.001 mm3 
Theta range for data collection 1.691 to 28.223°. 
Index ranges -15<=h<=13,-11<=k<=16,-15<=l<=15 
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Reflections collected  16414 
Independent reflections 6417[R(int) = 0.0169] 
Completeness to theta =28.223°  87.1%  
Absorption correction  Empirical 
Max. and min. transmission  0.999 and 0.836 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  6417/ 210/ 434 
Goodness-of-fit on F2  1.099 
Final R indices [I>2sigma(I)]  R1 = 0.0167, wR2 = 0.0410 
R indices (all data)  R1 = 0.0174, wR2 = 0.0413 
Flack parameter  x =-0.032(5) 
Largest diff. peak and hole  0.456 and -0.250 e.Å-3 
 
 
3.4.3.4. X-Ray data for compound N-(2-Hydroxy-1-phenylpropyl)-N-
(methylsulfonyl)methanesulfonamide (27.2) 
 
Thermal probability ellipsoids are shown at the 50% probability level. 
 
 
Table EP8.  Crystal data and structure refinement for 27.2. 
_____________________________________________________________________ 
Identification code  mo_RM1698B_0m 
Empirical formula  C11 H17.12 N O5.06 S2  
Formula weight  308.50 
Temperature  100(2) K 
Wavelength  0.71073 Å 
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Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a =  13.9343(6) Å %=  89.6960(13) °. 
 b =  14.4536(6) Å b = 78.4173(14) °. 
 c =  14.6670(7) Å * =  79.7784(13) °. 
Volume 2846.5(2) Å3 
Z 8 
Density (calculated) 1.440 Mg/m3 
Absorption coefficient 0.389 mm-1 
F(000)  1301 
Crystal size  0.30 x 0.02 x 0.02 mm3 
Theta range for data collection 1.418 to 31.074°. 
Index ranges -10<=h<=20,-20<=k<=20,-21<=l<=21 
Reflections collected  39342 
Independent reflections 17609[R(int) = 0.0333] 
Completeness to theta =31.074°  96.3%  
Absorption correction  Multi-scan 
Max. and min. transmission  0.992 and 0.909 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  17609/ 4/ 710 
Goodness-of-fit on F2  1.055 
Final R indices [I>2sigma(I)]  R1 = 0.0473, wR2 = 0.1025 
R indices (all data)  R1 = 0.0688, wR2 = 0.1107 
Largest diff. peak and hole  0.505 and -0.478 e.Å-3 
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CHAPTER 4: A MILD CARBON-BORON BOND 
FORMATION FROM DIARYLIODONIUM SALTS 
 
4.1 INTRODUCTION TO DIARYLIODONIUM SALTS 
 
Diaryliodonium salts are a class of air and moisture stable hypervalent iodine 
derivatives that have been present in literature for more than 100 years. They are known 
for their capacity to arylate nucleophiles under mild conditions with better yields and 
selectivity compared to the more traditional arenediazonium reagents. Additionally, the 
properties of these reagents are similar to the aryl-substituted heavy transition metal 
reagents, providing an excellent green metal-free alternative for pharmaceutical industry 
without all the problems related to elements such as mercury, thallium or lead. 
 
X-Ray diffraction of diaryliodonium salts usually shows a distorted trigonal bipyramid 
(T-shaped) structure, with the “counterion” X engaging in a three-centre four-electron 
(3c-4e) bond with the iodine and the apical aryl group. This structure is not in 
agreement with the other known “onium salts”, such as ammonium or phosphonium 
salts, that present a tetrahedral geometry and are not considered as hypervalent 
compounds (Figure 27). It is believed that the dissociated species in solution retain an 
angle of about 90º between the two aryls, replacing the ligand X by a solvent molecule. 
Despite these evidences and the recommendation of IUPAC to name this class of 
compounds as diaryl-#3-iodane, the term diaryliodonium salt is still used.[34b,144]  
 
Ar I
Ar
X Ar
IAr X
Diaryl - !3 - iodane Diaryliodonium salt  
Figure 27: Structure of diaryl-#3-iodane and possible “onium salt”. 
 
The iodine(III) centre in diaryl-#3-iodanes shows a defined electrophilic behaviour, 
which incorporates nucleophiles upon displacement of the ligand X. The subsequent 
reductive elimination[145] in a three-membered transition state (TS) releases the product 
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Ar-Nu (Scheme 74a). Certain nucleophiles can also proceed through a five-membered 
TS (Scheme 74b).[144] This mechanism is supported by recent experiments.[146]  
 
In the case of metal-free biaryl formation developed by Kita, a plausible mechanism 
proceeds through a single electron transfer (SET) from an electron-rich arene to the 
diaryl-#3-iodane followed by radical recombination (Scheme 74c).[48,147] The SET 
intermediate is stabilised by the required perfluorinated solvent 1,1,1,3,3,3-
hexafluoroisopropanol or 2,2,2-trifluoroethanol. 
 
Generally, metal catalysed arylations proceed by transferring one aryl group to the 
metal centre. This transfer creates a high oxidation state ArM complex, which 
undergoes reductive elimination with the nucleophile (Scheme 74d). Examples of metal 
mediated arylations through diaryliodonium salts including copper,[148] nickel,[149] 
ruthenium[150] or palladium[151] are described in literature. 
 
Ar I
Ar
X Nu Ar IAr
Nu Ar I
Ar
Nu Ar Nu Ar I
Ligand 
Exchange
- X
Ligand
Coupling
Ar I
Ar
X
R
O O I
Ar
Ar OH
I Ar
Ar
R
O
Ar Ar I
Ar I
Ar
X EDG Ar I
Ar
X EDG EDG
Ar
Ar I
Ar I
Ar
X M M
Ar
X Ar I Ar Nu HX
a)
b)
c)
d)
 
Scheme 74: Different reaction mechanism of diaryl-#3-iodanes.[144] 
 
 
4.1.1. Non-Symmetrical Diaryliodonium Salts. Chemoselectivity 
 
Diaryl-#3-iodanes present two aryl moieties surrounding the iodine centre, therefore, 
there are two types of this class of compounds: symmetrical or non-symmetrical. In the 
first case, the problems of chemoselectivity are avoided, because no matter the reacting 
aryl, it will always drive to the same product. In the case of the most challenging non-
symmetrical ones, this selectivity becomes important, allowing the use of a non-
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transferable (or dummy) group that could help in the synthesis of the hypervalent 
reagent (synthesis of diaryliodonium salts are easily performed when an electron-poor 
and an electron-rich arene are combined). In addition, the use of a non-expensive arene 
as a non-transferable group avoids wasting a more expensive one as it occurs in the case 
of symmetrical diaryl-#3-iodanes.  
 
There are two main factors that modulate the reactivity of both aryls: electronic and 
steric.[152] Depending whether the reaction is catalysed by metal or not, the general 
pathway regarding the selectivity is different. This point will be discussed more in detail 
at a later stage. 
 
 
4.1.1.1. Non-Metal catalysed arylations  
 
Non-metal catalysed reactions of non-symmetrical diaryliodonium salts have been 
studied in detail by Olofsson.[146b] The reaction proceeds by reductive elimination 
(ligand coupling) between the nucleophile and the equatorial aryl group.[144] This 
reductive elimination is mainly carried out by direct nucleophilic aromatic subtitution at 
the ipso carbon[153] supported by the hypernucleofugality of the ArI partner.[34b] 
However, alternative single electron transfer mechanism cannot be completely 
discarded as demonstrated by recent advances in the field when two electron-rich arenes 
are involved in the reaction[147a,b] (Figure 28). 
 
Ar I Ph
Br
TMSOTf
MeO
OMe
 
Figure 28. Transition state in Kita’s biaryl synthesis. 
 
The chemoselectivity can be explained by the diaryliodonium structure. Diaryl-#3-
iodanes possess a T-shaped structure, but both aryls can interconvert in a fast 
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equilibrium through Berry pseudorotation,[34b,154] giving two possible intermediates that 
provide a different product each one through reductive eliminination (Scheme 75). 
 
Ar1
Ar1Nu
I
Ar2
X
Ar2 I
Ar1
Nu
Nu
I
Ar2
Nu Ar2 Ar1 I
Nu Ar1 Ar2 I
 
Scheme 75. Possible T-shaped intermediates in metal-free reactions of diaryliodonium salts and their 
interconvertion through Berry pseudorotation.[146b]  
 
For reactions with enolates and heteroatoms, concerning electronic differences, the 
insertion of the nucleophile will take place into the more electron-deficient ipso carbon. 
This is due to the better stabilization of the charges in the transition state (Figure 
29).[155] In the case of biaryl synthesis through SET, the insertion does not follow the 
same selectivity.[48,147] 
 
I Nu
EWG
EDG
! +
! - ! - I Nu
EDG
EWG ! +
! -
! -
a) b)  
Figure 29. a) Preferred T-shaped intermediate due to charge stabilisation; b) Disfavoured T-shaped 
intermediate due to electronic repulsion. 
 
Concerning bulkiness, the transfer of the most hindered group is explained by the 
disposition of the different aryl moieties. The most hindered one will be displayed in the 
less crowded position. This means, that it will be together with the two lone pairs in the 
ecuatorial position, and therefore, will be located near to the nucleophile (Figure 30). 
Additionaly, the release of steric strain could play a role in this selectivity. Usually, in 
nucleophilic attacks/reductive elimination pathway the ortho effect rules over electronic 
differences, although there are some examples where the less crowded group is 
transferred.[156] Carroll suggested that this opposite trend could be caused by the steric 
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effect of the nucleophile, being thus less compatible with the bulkiness of the ortho 
group.[157]  
 
I
Nu
 
Figure 30. Prefered T-shaped arising from steric effects. 
 
 
4.1.1.2. Metal catalysed arylations  
 
In metal-catalysed reactions, diaryliodonium salts behave as a more reactive version of 
the standard aryliodide coupling partner, transferring an aryl and a ligand to the metal 
centre in an oxidative addition.[144] Although some attempts to understand the 
mechanism of metal catalysed reactions with diaryliodonium salts were carried out, they 
have remained unconclusived. According to experimental results, electronic differences 
generally lead to the transfer of the most electron-rich arene. When different bulkiness 
is involved, the less sterical hindered arene is transferred (exactly the opposite case to 
the common reactivity in metal-free reactions), rendering mesityl or triisopropyl 
suitable dummy groups.[158] 
 
DFT calculations by Canty[159] reveal that the reaction can proceed through a +-
interaction between the transferred aryl and the metal moiety, followed by ipso 
substitution in the carbon centre by the metal in an oxidative addition of the metal 
(Scheme 76). 
 
I
Mes
M X
I
Mes
M X  
Scheme 76. Possible transition state in reactions of diaryliodonium salts with metal centres. 
 
This interaction could explain the trend in selectivity for electron-rich arenes, due to a 
better + interaction with the electrophilic metal centre during the oxidative addition of 
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the diaryl-#3-iodanes. The preference for the less hindered aryl group could be 
rationalised through the ipso substitution step, although the definite effects still remain 
unclear. 
 
 
4.1.2 Diaryliodonium salt-mediated metal-free arylation of 
heteroatoms 
 
The main uses of diaryliodonium salts include direct electrophilic arylation reactions, 
transition metal mediated cross-coupling reactions and the generation of benzyne. In 
addition of those applications, stable iodonium salts have been used as photoinitiators in 
polymer chemistry[160] or as biologically active compounds.[161] 
 
In this chapter, we will discuss the first of these applications and focus on carbon-
heteroatom bond formation. 
 
Initial studies of diaryliodonium salts-mediated phenylation of organic and inorganic 
bases were carried out by Beringer in 1952. They attempted the arylation of sodium or 
potassium phenoxides, alkoxides, anilines, sulfonamides, cyanides, nitrites and also 
Grignard reagents. With this purpose, a mixture of the corresponding nucleophile and 
the chosen diaryliodonium salt was heated under reflux in the appropriate solvent. For 
these attempts, yields were in the range from poor to moderate/good depending on the 
substrate and the employed diaryliodonium salt.[162] 
 
 
4.1.2.1. Halide arylations 
 
Among all the halogenations, fluorination has been so far the most studied process, 
existing just few examples of the insertion of chloride,[163] bromide,[154]  and iodide.[164] 
 
The fluorination of diaryliodonium salts was developed in view of the necessity of 
18fluorine labeled aromatics in positron emission tomography (PET) obtained in short 
reaction time due to the short half life of 18F (109.7 min). 
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This technique was firstly applied by Pike and Aigbirhio,[165] who obtained high 
radiochemical yield  (RCY) (Scheme 77). 
 
MeO
I
Br
N
O O
NO
O
O O
K18F, MeCN, 85 ºC
40 min
18F
100% selectivity
88% RCY  
Scheme 77. First 18F-fluorination of benzene using diaryliodonium salts. 
 
Later, this methodology was extended to other diaryliodonium salts and 18F sources, 
such as Cs18F.[166] Some of the most challenging 18F-labeled compounds that were 
synthesised through this methodology are depicted in Figure 31.[167] 
 
18F
N
18F
6-[18F]fluorodopamine
OPh
N
OMe
OMe
O
18F
S
N
R
18F
mGluR5 Pet radioligand
N3
18F
18F N
N
N
O
O
O
[18F]Flumazenil
18FH
O
HO
HO 18F
NH3
[18F]DAA1106
 
Figure 31. Representative examples of 18F-radiolabeled organic molecules synthesised with the 
diaryliodonium salt methodology. The named compounds have biological importance. 
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DiMagno reported a protocol for the transfer of the electronically disfavoured 
methoxyarenes. This transfer is based on the use of cyclophane as a dummy arene group 
(Scheme 78). The synthesis of the sophisticated cyclophane represents the main 
disadvantage of this methodology, making it hard to apply.[168] 
 
OMe
IF
O C6D680 ºC, 6 h
81%
MeO F
 
Scheme 78. DiMagno’s cyclophane diaryl iodonium salts for the transfer of electron-rich arenes. 
 
 
4.1.2.2. Oxygen arylations 
 
After Beringer’s initial approach in the case of diarylether synthesis, Crowder’s 
methodology[169] or McEwen’s alkyl aryl ethers synthesis with diaryliodonium salts,[170] 
Olofsson’s group developed a powerful methodology to achieve these arylations. 
 
The strength of Olofsson’s approach lies on mild conditions and a broad substrate 
scope, even allowing the use of chiral substrates without any loss of enantiomeric 
excess[171] (Scheme 79). 
 
MeO
O OH
NHBoc
1) tBuOK, CH2Cl2
2) Ph2IBF4
40 ºC, 20 min
MeO
O O
NHBoc
Ph
96% ee 99% yield, 96% ee  
Scheme 79. Olofsson´s arylation of chiral phenols. 
 
They developed an efficient synthesis of diarylethers under mild conditions (THF or 
toluene at room temperature or 40 ºC in presence of tBuOK). They also identified anisyl 
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as suitable dummy group for the chemoselective arylation with non-symmetrical 
diaryliodonium salts.[146b,171,172] 
 
Later, Togo also developed a synthesis of diarylethers through diaryliodonium salts that 
allows the use of a weaker base, such as K2CO3 with similar yields.[173] Recently, Gaunt 
reported a different methodology based on a non-innocent counterion (Scheme 80).[174] 
The latter will be discussed later. 
 
I
R1 R2
X
ArOH
Conditions
OAr
R1
                                                 Conditions: 
Oloffson X = OTf or BF4, THF, tBuOK, 40 ºC or CH2Cl2, tBuOK, 40 ºC.
Togo       X = OTs, MeCN, K2CO3, 50 ºC.
Gaunt     X = F, CH2Cl2, NaHCO3, 40 ºC.  
Scheme 80. General arylation of phenols. 
 
Olofsson developed two different conditions for the arylation of aliphatic alcohols, one 
for non-activated ones[175] and another for allylic or bencilic alcohols.[176] The weak 
point of these methodologies rests with the non-tolerance regarding the transfer of 
arenes with any electrondonating group (which is consistent with the general rule of 
electronic differentiation). A maximum ratio of 3:1 in favour of the transference of the 
ortho substituted arene is obtained when sterics are involved. This problem was solved 
by Stuart and Sundalam with the application of tert-butyl methyl ether as solvent. In 
this case, mesityl represented a suitable dummy group in the transfer of secondary 
aliphatic alcohols in an exception to the general ortho effect[158b] (Scheme 81). 
 
I
Br
NaH
TBME, 50 ºC, 1 h
67%
O
MeO
Cl Cl
MeO
HO
 
Scheme 81: Example of Stuart’s ether synthesis. 
 
UNIVERSITAT ROVIRA I VIRGILI 
DEVELOPMENT OF HYPERVALENT IODINE(III)-MEDIATED CHEMICAL REACTIONS 
Rafael Martín Romero Segura 
 
Development of Hypervalent Iodine(III)-Mediated Chemical Reactions 
 
- 146 - 
Additional contribution of Olofsson’s group to this field was the arylation of carboxylic 
acids (Scheme 82). With this methodology, it was possible to perform the arylation of 
aromatic and aliphatic carboxylic acids with high yields.[177]  
 
I
X
tBuOK
toluene, reflux, 1 h
68-97%R
2
R2
R2
R1 R OH
O
R O
O R
2
R2
R2
 
Scheme 82. Olofsson’s arylation of carboxylic acids. 
 
Additional oxygen nucleophiles that have been arylated includes phosphinic acids, 
which is carried out under harsh conditions (see Scheme 83a),[178] sulfonic acids,[172] or 
N-O moieties, such as N-hydroxyphthalimide, N-hydroxysuccinimide[179] or oxymes. 
The latter was applied in the synthesis of benzofuranes (see Scheme 83b).[180]  
 
R P
R1
OH
O Ar2IOTf
toluene, Et3N, N2, 110 ºC
up to 96%
R P
R1
OAr
O
a)
b)
NEtO OH
(Ar1)(Ar2)IX, tBuONa
MeCN, r.t., 30 min NEtO
O Ar1
R
O
R1
HCl, MeCN
70 ºC, 2 h
O
R1
R
R
N OH
R1
(Ar1)(Ar2)IX, tBuOK
DMF, r.t.
R
N O Ar1
R1
HCl, dioxane
70 ºC, 4 h
 
Scheme 83. Arylation of additional oxygen nucleophiles. 
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4.1.2.3. Sulfur arylations 
 
All the reactions with diaryliodonium salts involving sulfur as nucleophile requires the 
previous treatment with base to form the corresponding sodium or potassium salt. 
 
These sulfur salts nucleophiles react with symmetrical diaryliodonium salts in different 
solvents to achieve several targets such as S-aryl-dithiocarbamates (Scheme 84a),[181] S-
aryl thiocarboxilates (Scheme 84b),[182] O,O-dialkyl-S-aryl phosphoro thiolates (Scheme 
84c),[183] diarylsulfones (Scheme 84d),[184] alkyl aryl trithiocarbonates (Scheme 84e)[185] 
or S-aryl thiosulfonates (Scheme 84f).[186] 
 
NR
R1
SNa
S
Ar2IX
tBuOH or MeCN, 70 ºC, 1-18 h
or
CH2Cl2, 50 ºC
56-86% N
R
R1
SAr
S
O
SK
Ar2IX
DMF, 70 to 80 ºC,
1.5-2.5 h
42-76%
O
SAr
(a)
P SKRORO
O
Ar2IX
Cyclohexane, reflux, 4-36 h
88-95% P SAr
RO
RO
O
(b)
(c)
Ar2IX
[BMim]BF4
40 ºC, 2 h
54-75%
or
DMF, 90 ºC, 24 h
47-96%
Ar1SO2Na Ar1SO2Ar(d)
Ar2IX
[BMim]BF4
60 ºC, 3 h
54-85%
(e)
SK
S
RS SAr
S
RS
Ar2IX
MeCN, reflux, 5-15 h
48-68%
Ar1(f) S
O
O
SK Ar1 S
O
O
SAr
 
Scheme 84. Arylation of sulfur nucleophiles. 
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In all the previous transformations, the initial synthesis of the sodium or potassium salt 
is required to enhance the nucleophilicity of the anion. All of them involve a common 
mechanistic scenario, nucleophilic attack to the iodine centre followed by reductive 
elimination. Interestingly, Zheng demonstrated that these reactions were faster (half the 
time) and with higher yields when ionic liquids were used as solvent (Scheme 84 d and 
e),[184a,185] raising from 56% to 75% yield in the synthesis of diaryl sulfones and from 
51% to 75% yield in aryl trithiocarbonate synthesis when THF was replaced by 1-butyl-
3-methylimidazonium tetrafluoroborate ([BMim]BF4).  
 
Around 10 years later, Manolikakes demonstrated the feasibility of the synthesis of 
these diarylsulfones in DMF at 90 ºC[184b] with better yields. In addition, they also 
carried out a study of chemoselectivity with non-symmetrical diaryliodonium salts, 
detecting p-anisyl as a good dummy group. Complete ortho selectivity was observed 
and clean transference of the triisopropylphenyl (TRIP) group was achieved under 
Manolikakes conditions. 
 
 
4.1.2.4. Tellurium and Selenium arylations 
 
Ar2IX
DMF, 70 to 80 ºC, 4-7 h
81-93%
Ar1TeNa Ar1TeAr(b)
Ar2IX
DMF, r.t.
76-92%
Na2Te Ar2Te(a)
Ar2IX
DMF, 70 to 80 ºC, 2-4 h
58-75%
Ar1SeNa Ar1SeAr(c)
 
Scheme 85. Arylations of selenium and tellurium compounds. 
 
Analogously to sulfur, selenium or tellurium anions [generated in situ by treatment of 
the metal (as for Scheme 85a),[187] diarylditelluride (as for Scheme 85b)[188] or 
diaryldiselenides (as for Scheme 85c)[189] with sodium borohydride] reacted with 
symmetrical diaryliodonium salts in DMF to afford symmetrical or unsymmetrical 
diarylselenides or diaryltellurides with different arenes in moderate to high yield. 
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4.1.2.5. Nitrogen arylations 
 
Beringer was the first who carried out a metal-free amination using diaryliodonium salts 
with aniline as nucleophile, obtaining 27% maximun yield.[162] This methodology was 
later improved by Carroll with the use of diaryliodonium triflates and DMF as solvent, 
achieving good yields (Scheme 86). However, chemoselectivities with non-symmetrical 
diaryl-#3-iodanes were almost non-existent.[157] 
 
Ar2IOTf
DMF, 130 ºC, 24 h
50-92%
Ar1 NH2 Ar1
H
N Ar  
Scheme 86. Carroll’s diarylamines synthesis. 
 
In 2013, Olofsson performed a study on chemoselectivity, in which they observed that 
no ortho effect is present for this nucleophile (when mesitylene was used, 53% yield 
with a 6.5:1 ratio in favour of phenyl was obtained). The only possibility to obtain good 
chemoselectivity was the use of a combination of sterics and electronics with the o,o’-
dimethoxyphenyl as a dummy group (70% yield)[146b] (Scheme 87). 
 
MeO NH2 I
R
R
OTf
DMF
130 ºC MeO
H
N MeO
H
N
R = Me      53%,        Ratio = 6.5                                    1
R = OMe   70%,        Ratio = 1                                       0
R
R
 
Scheme 87. Chemoselectivity in the arylation of anilines. 
 
Olofsson’s group also achieved the arylation of secondary amides (Scheme 88a). 
Opposite to anilines, when amides are used, ortho effect can achieve certain selectivity 
too, transferring mesityl group in a ratio 80:20 against phenyl (77% yield). However, 
when the bulkiness is increased beyond mesityl, as for example in the TRIP group, 
selectivity diminishes to 1:1 against phenyl. Olofsson referred to this as the ortho effect 
cancellation.[190] 
 
Thanks to the ambidentate nature of the amide motif, the mechanism of this arylation 
could be performed through a 3 or 5-membered transition state (Scheme 88b). 
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R
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R Ar2IOTf
1) NaH, toluene,
 r.t., 24 h
55-99% R
O
N R
Ar
Ph I
Ph
N
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O
Ph I
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O
N
[1,2] [1,3]
a)
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Scheme 88. Reaction conditions and possible transition states for arylation of secondary amides. 
 
Recently, Olofsson developed a methodology to install nitro groups applying diaryl-#3-
iodinanes[191] (Scheme 89). In this process, the required diaryliodonium salt is 
synthesised in situ from the corresponding aryliodide, which bears the dummy group, 
and the arene that is going to be nitrated. Later treatment with sodium nitrite in basic 
media allows the insertion of the NO2 anion. This process can also be extended to 
azides. 
 
R
mCPBA, TfOH
Ar1I, CH2Cl2
0 ºC to r.t.
R
NaNO2, NaHCO3
CH2Cl2, H2O
60 ºC, 3h
I
Ar1
X
R
NO2
 
Scheme 89. Olofsson´s conditions for nitration of diaryliodonium salts. 
 
In 2016, Muñiz reported two alternative C-N bond formation reactions through 
diaryliodonium salts. In the first case, the use of N-tosyl-O-methylhydroxylamine as 
nitrogen source is required, achieving up to 82% yield when it is treated with 
diphenyliodonium hexafluorophosphate in 1,2-dichloroethane under basic conditions 
(see Scheme 90a).[192] Different N,O-protected hydroxylamines in toluene as solvent 
and Cs2CO3 as base were also arylated by Wang with 45-98% yield depending on the 
nitrogen source.[193] 
 
The second methodology developed by the group aminates specifically o,o’-disubtitued 
aryls with different nitrogen sources, such as tetrafluorophthalamides, phthalamides, 
saccharin, secondary amides or p-toluenesulfonamide with excellent chemoselectivity 
when non-symmetrical diaryliodonium salts are applied (Scheme 90b), showing a 
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strong ortho effect. In addition, X-Ray structural characterisation of the intermediate 
after replacement of the anion X by 4FPhthN was achieved. This compound was also 
employed in an investigation on thermodynamic parameters for this process.[194] 
 
Ph2IPF6, 1,2-dichloroethane
K2CO3, r.t.
H
N OMeTs N OMeTs
Ph
a)
Ar
I
Ar: R
R1
4FPhthNK, toluene, 100 ºC, 5-24 h
51-90%
Ar
X
b)
R2
N
O
O
F
F
F
F
 
Scheme 90. Muñiz’ amination of diaryliodonium salts. 
 
The amination of arenes under diaryliodonium salt conditions can be also performed to 
directly obtain a free monosubtitued aniline (Scheme 91).[195] This reaction present a 
great chemoselectivity with mesityl as dummy group, allowing the transference of all 
kind of aromatic moieties (such as heteroaromatic rings) with a high selectivity. 
 
NH3 (aq), NaOH
80 ºC, 2 h
62-95%Ar
I
OTf
Ar NH2
Ar = phenyl derivatives or heteroaromatic
N
NH2
81%  
Scheme 91. Liu´s direct aniline synthesis through amination of diarylionium salts and representative 
example. 
 
When the temperature is increased too much in this reaction, hydroxide diarylation 
occurs as a secondary reaction, yielding the diarylether as it was also later described in 
literature[175] (see Scheme 92). 
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Ph
I
NO2
OTf
NaOH, H2O
r.t., 15 h O2N
OH
O2N
O
NO2
52%  
Scheme 92. Symmetrical diarylether synthesis through arylation of sodium hydroxide. 
 
Finally, other heterocycles such as benzazoles[196] or isatines[197] have been arylated in a 
base-assisted process (Scheme 93). In 2015, Nachtsheim also described the N-arylation 
of indolines and benzotriazoles with moderated yields in a base-free process.[198] 
 
Ar2IX
[BMim]BF4
NaH, 40 ºC, 1-2 h
54-90%(a) N
Y
R
Y = N, CH
N
H
Y
R
Ar
Ar2IOTf
1) NaH, DMF, r.t.
2) Ph2IOTf
R: 6-Cl, 80%
    4-Cl, 75%
(b)
N
O
N
H
O
Ar
O O
R R
 
Scheme 93. Arylation of benzazoles (a) or isatines (b). 
 
It is also remarkable that other heterocycles can be arylated under aqueous milder 
conditions, but it requires the presence of a second neighbouring nitrogen atom. This 
second heteroatom plays the role of a Lewis base, that precoordinates with the iodine 
centre of the diaryliodonium salt (Scheme 94).[199] 
 
X
N NH Toluene : NH3 (aq) (1 : 1)X = C, N
67-90%
I
OTf
X
N N
Mes
Major
 
Scheme 94. Novák’s N-arylation of heterocycles. 
 
Azide was also used as nucleophile for its arylation with diaryldionium salts, although 
just a few examples are currently present in literature.[168a,200] 
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Recently, Moriyama described the amination of indols through a reductive elimination 
of the preformed diaryliodonium salt containing this heteroaromatic core and the 
nitrogen in the coordination sphere.[201] Almost at the same time, Stuart published the 
amination of electron deficient arenes using cyclic amines, such as morpholine, with 
diaryliodonium salts containing 2,4,6-trimethoxyphenyl as dummy group.[202] 
 
 
4.1.2.6. Phosphorous arylations 
 
Historically, the last heteroatom used as nucleophile with diaryliodonium salts has been 
phosphorous. Arylphosphonates were obtain by arylation of dialkylphosphite salts in 
DMF in a proceeding described by Liu and Chen with high yields (Scheme 95).[203] 
 
PNaRORO
O
Ar2IX
DMF, 70 to 80 ºC, 4-7 h
81-93%
P ArRORO
O
 
Scheme 95. Arylation of dialkylphosphite salts. 
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4.2. RESULTS AND DISCUSSION 
 
In this chapter, a useful diaryliodonium salt metal-free borylation method has been 
developed in collaboration with Núria Miralles and Professor Elena Fernández from 
URV Tarragona.[143] 
 
This methodology represents one of the few metal-free borylation reactions of arenes 
known to date. In the other alternatives, Ito employs a combination of aryliodides and 
silylboranes, transferring selectively the boron moiety (Scheme 96a);[204] Zhang 
developed a methodology using aryliodide, Cs2CO3 and four equivalents of  
bis(pinacolato)diboron in refluxing methanol (Scheme 96b);[205] Wang borylated arenes 
in a Sandmeyer-type reaction (Scheme 96c).[206] Finally, photochemical borylation of 
aryl halides was developed by Li (Scheme 96d).[207] 
 
Ar X
B(pin)PhMe2Si
KOMe, 1,2-dimethoxyethane
50-85%
Ar Bpin
Ar I
Cs2CO3, MeOH, Reflux
26-81%
Ar Bpin
B2pin2
Ar NH2 Ar Bpin
Ar X Ar B(RR1)
B2(RR1)2,
h!, MeCN, H2O, acetone
37-90%
Me2N NMe2
tBuONO, B2pin2, MeCN
80 ºC, 2 h
or
r.t., benzoylperoxide, 2h
30-91%
(a)
(b)
(c)
(d)
 
Scheme 96. Different metal-free arene borylation. 
 
As it was already described in the previous section, arylation methodologies using 
diaryliodonium salts have been applied to elements of the groups 14 (C), 15 (N, P), 16 
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(O, S, Se, Te) and 17 (F, Cl, Br, I), but they were never used for group 13 because of the 
inherent electrophilic character of these atoms. 
 
We envisioned that the treatment of the diborane B2pin2 as boron source with a Lewis 
base would convert the hybridisation at one of the boron centres to sp3, thereby 
transforming the other nucleus into a nucleophile species[208] that could react with the 
diaryliodoinum salt. 
 
The final diaryl-#3-iodinane chosen for this transformation has a carboxylate as 
counterion, which is an anion that in turn could engage in the activation of the diboron 
reagent (Scheme 97). 
 
B
R
RBR
R
OAc
I
Umpolung
B
R
R
R
OR
I
R
R
I
Ar1 Ar2 Ar1 Ar2
Ar1
Ar2R
B
B
 
Scheme 97. Conceptual approach to the borylation of diaryliodonium salts. 
 
As observed in all the previous examples of electrophilic arylation of heteroatoms with 
diaryliodonium salts, the nucleophile requires the previous or in situ (through a base) 
deprotonation to be able to attack the electrophilic iodine center (Scheme 98a). Only a 
few examples have been developed, in which the counterion of the diaryliodonium salt 
plays a crucial role in the reaction beyond being a good leaving group or the 
enhancement of the solubility of the diaryliodonium salt.  
 
Those examples include fluorine as activating agent for silylenol ethers (Scheme 98b). 
As a consequence of the strength of the Si-F bond, the enol will be activated and form 
an intermediate that, upon a 5-membered transition state, leads to the %-arylated 
ketone.[209] The other possibility described in literature is the NuH activation through 
stable HF bond formation (Scheme 98c).[174] 
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O SiMe3 I
F
F SiMe3
I
O
PhI
O
Ph
Nu H
I
F
I
F
Nu
H
I
Nu
Nu Ph
Nu H
I
Nu
Nu Ph
Strong 
base Nu
I
X
(a)
(b)
(c)
 
Scheme 98. Arylation of nucleophiles with diaryliodinium reagents. (a) Classical approach; (b) 
Counterion as silylenolether activator; (c) Counterion as nuclophile activator. 
 
 
4.2.1. Screening of conditions 
 
+ B BI
OAc
O
OO
O Solvent (1.25 mL)
24 h
B
O
ONO BASE
0.2 mmol 1.5 equiv
Solvent
Dry MeOH
MeOH
EtOH
MeOH
iPrOH
THF
T (ºC)
50
r.t.
50
50
50
50
Yield (%)[a]
83
59
52
68
13
39
 
 
Table 7. Screening of temperature and solvent. Reaction conditions: Ph2IOAc (0.2 mmol), B2pin2 (0.3 
mmol), 24 h; [a] Average yield from two independent runs calculated by GC spectroscopy with 
mesitylene as internal standard. Reactions performed by N. Miralles in Professor Fernández’ laboratories. 
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With the hypothesis that the acetate is a suitable non-innocent anion for the activation of 
the diboron species, once diphenyliodonium acetate was synthesised upon methatesis 
from the chloride derivative, several reaction conditions were tested by N. Miralles. 
 
In agreement with previous experiences in the group of Fernández,[210] methanol was 
identified as the best solvent. Other polar unprotic solvent such as THF rendered lower 
yield (see Table 7). 
 
+
B
BI
X OO
O O 50 ºC
B
O
O
48.1 (X = OAc)                                                                   91 (77)% 
48.2 (X = Cl)                                                                  no conversion
48.3 (X = PF6)                                                               no conversion
48.4 (X = OTf)                                                               no conversion
MeOH
- pinBX
- PhI 48.1.1
 
Scheme 99. Screening of diaryliodonium anions. Reaction conditions: Ph2IX (0.2 mmol), B2pin2 (0.3 
mmol), 50 ºC, 1.25 mL MeOH, 24 h; Average yield from two independent runs calculated by GC 
spectroscopy with mesitylene as internal standard; values in brackets refer to isolated yields. Reactions 
performed by N. Miralles in Fernández’ laboratories. 
 
To check the hypothesis of the acetoxy group as a suitable activator group, the best 
conditions were tested in the laboratories of Professor Fernandez with different 
counterions in the diphenyliodonium salt, resulting in no observable conversion in the 
absence of the acetate anion (Scheme 99). This fact suggests that methanol itself is not 
the activating agent, and requires the presence of the carboxylate for a direct or solvent-
mediated activation of the diboron nucleus. (Figure 32, path B or C). 
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Figure 32. Possible modes for diboron activation. 
 
Keeping this context in mind, we proceeded to synthesise different diaryliodonium salts 
with acetate as counterion in order to determine the scope of the C-B coupling reaction. 
 
 
4.2.2. Diaryliodonium carboxylate synthesis 
 
Our main idea for the synthesis of the diaryliodonium acetates consisted of a metathesis 
of the partner halide, which is easier to synthesise. 
 
Our first attempts to obtain symmetrical diaryliodonium bromides were successfully 
achieved when the arene was not strong activated. This was made directly through the 
coupling of the arene in presence of iodine and an oxidant (NaIO4) under strong acidic 
media (sulfuric acid) modulated with Ac2O or AcOH (Scheme 100)[211]. According to 
these procedures, the more activated the arene was, the higher was the required amount 
of Ac2O or AcOH (See 4.4 Experimental section). 
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R
I
R
Br1) NaIO4, I2
H2SO4, Ac2O, r.t.
2) KBr
R
1) NaIO4
H2SO4, AcOH, 55 ºC
2) KBr
R
I
Br
Cl Cl
I
Br
Br Br
I
Br
F F
49.2 (52%) 50.2 (94%) 51.2 (86%)
I
Br
I
Br
I
Br
F3C CF3 MeO2C CO2Me O2N NO2
52.2 (47%) 53.2 (70%) 54.2 (66%)
I
Br
56.2 (13%)55.2 (52%)
I
Br
I
Br
O2N
F F
NO2
59.2 (23%)
57.2 (18%)
I
Br
MeO
O
OMe
O
58.2 (43%)
NH2
O
H2N
O
I
Br
X.2
 
Scheme 100: Symmetrical diaryliodonium bromides synthesised from the arenes with NaIO4. 
 
In the case of more electron-rich arenes, such as anisole or diphenylether, we observed 
degradation of the arene, problably due to overoxidation. In case of these compounds, 
the prior synthesis of the tosylates[212] was required together with a later exchange to 
chlorine (Scheme 101).[213] 
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XO mCPBA, TsOH·H2O
I2, CH2Cl2, r.t.
I
OTs
XO OX
MeCN, H2O, 60 ºC
then, NH4Cl (aq)
I
Cl
XO OX
I
OTs
PhO OPh
I
OTs
MeO OMe
60.5 (99%) 61.5 (97%)
I
Cl
PhO OPh
I
Cl
MeO OMe
60.2 (79%) 61.2 (81%)
I
OTs
62.5 (36%)
I
Cl
62.2 (87%)
S S
SS
X.5 X.2
 
Scheme 101: Symmetrical electron-rich diaryliodonium chlorides synthesised from their respective 
arenes. 
 
Symmetrical diaryliodonium regioisomers in less activated positions in the aromatic 
ring require a prefunctionalisation prior to the coupling between both partners. This goal 
can be achieved through arylboronic acids, stannanes or silanes. In view of the toxicity 
of stannanes and the shortage in a general availability of silanes, arylboronic acids were 
the most suitable group to this end. Arylboronic acids were obtained from commercial 
sources or readily prepared by treatment of the corresponding Grignard reagent with 
trimethyl borate, which upon acidic treatment gave quantitative yield in the desired free 
boronic acid.[214] 
 
The partner aryliodide can be also synthesised from the bromoarene through lithiation 
and quenching with molecular iodine[215] with excellent yield, obtaining, in the case of 
symmetrical diaryliodonium salts, both partners precursors (arylboronic acid and 
aryliodide) from the common cheaper starting material. Oxidation of this aryliodide 
with different oxidants (such as sodium metaperiodate or peracetic acid) furnishes the 
diacetoxyiodoarene, which upon treatment with the boronic acid in presence of BF3 
provides the tetrafluoroborate diaryliodonium salt. 
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I
BriPr
iPriPr OMe
70.2 (57%)
R
I(OAc)2
R1
B(OH)2
1) BF3·OEt2, CH2Cl2, r.t.
then TfOH, 0 ºC to r.t.
2) HBr (aq), MeOH, r.t. R
I
R1
Br
I
Br
F3C CF3
I
Br
Ph Ph
I
Br
I
Br
I
Br
I
Br
F3C CF3
63.2 (59%) 64.2 (85%) 65.2 (88%)
66.2 (18%) 67.2 (36%) 68.2 (27%)
I
Br
F F
69.2 (51%)
X.2
 
Scheme 102: Diaryliodonium bromides synthesised from arylboronic acids and diacetoxyiodoarene. 
 
A direct tetrafluoroborate ion exchange into bromide was tried, but a clean 
transformation was not possible, as mixtures were obtained even when a large excess of 
bromide ion was used. To get this transformation, we had to turn the tetrafluoroborate 
anion into triflate in a pKa driven reaction using triflic acid, and later, exchange it for 
bromide with hydrobromic acid helped by the inherent insolubility of most 
diaryliodonium bromides (Scheme 102).[167h,216] Unfortunately, the 1-naphtyl derivative 
and other more electron-rich aryls such as 3-methyl-4-anisyl could not be obtained 
because these arene groups suffer degradation or overoxidation under the required 
reaction conditions. In fact, to successfully carry out the synthesis of the 2-naphtyl 
derivative (66.2), the temperature had to be reduced. 
 
This methodology was also applied for the non-symmetrical diaryliodonium salt 70.2 
treating p-anisylboronic acid with 2-iodo-1,3,5-triisopropylbenzene diacetate.[158d] 
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Other non-symmetrical diaryliodonium bromides were synthesised by the coupling 
reaction between a diacetoxiodoarene with a different arene. In agreement with 
Olofsson, it was necessary that the most electron-poor arene carried the diacetoxyiodo 
moiety, allowing a better nucleophilic attack to the iodine centre by the partner arene. 
Toluene and mesitylene were chosen as arenes in the diaryliodonium salts that were 
synthesised through this methodology. In agreement with Wiegand, just one regiosomer 
was formed when toluene was applied[152] (Scheme 103). 
 
R
I(OAc)2
R1
1) H2SO4, Ac2O
0 ºC to r.t.
2) KBr R
1
I
R
Br
I
Br
I
Br
I
Br
CF3 OMe71.2 (54%) 72.2 (48%) 73.2 (77%)
X.2
 
Scheme 103: Diaryliodonium bromides synthesised from the arene and diacetoxyiodoarene. 
 
Surprisingly, the coupling between p-diacetoxyiodo-trifluorotoluene and mesitylene 
could not be achieved through the previously described procedure. This was likely 
because of the stability of the acetoxy groups in the iodine centre that does not allow the 
attack of the bulky mesitylene. 
 
Nevertheless, in situ oxidation of the iodine(I) mediated by mCPBA allowed us to 
obtain that transformation (Scheme 104).[158d, 217] 
 
The explanation for this successful synthesis is the use of triflic acid, which generates 
firstly as an intermediate a diaryliodonium triflate.[83] The same methodology was also 
applied in the synthesis of  75.2. 
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I
Br
CF3
I
BriPr
iPriPr
74.2 (27%) 75.2 (47%)
R
I
R1
1) mCPBA, CH2Cl2, r.t.
then
then TfOH, 0 ºC to r.t.
2) HBr (aq) / MeOH R
1
I
R
Br
X.2
 
Scheme 104: Diaryliodonium bromides synthesised from in situ oxidised iodoarene and arene. 
 
Finally, diaryliodonium salt 76.2 was synthesised modifying a proceedure previously 
applied[158d,217] (Scheme 105). 
 
I(OAc)2
1) CH2Cl2, r.t.
then, TfOH, 0 ºC
2) KBr (aq), MeOH
I
Br
F3C
iPr
iPriPr CF3
76.2 (72%)  
Scheme 105: Diaryliodonium bromides synthesised from diacetexiiodoarene and arene under triflic acid 
conditions. 
 
Here, [4-(trifluoromethyl)phenyl](2,4,6-triisopropyl)iodonium bromide (76.2) was 
synthesised in a similar manner to phenyl(2,4,6-triisopropyl)iodonium bromide (75.2). 
The main difference in the synthesis lies in the use of the preformed iodine(III) 
compound (Scheme 105). It confirms that triflic acid is a requirement in these reactions 
to activate the diacyloxyiodoarene. This activation mode was already proposed by 
Gade[80] and finally demonstrated by Shafir.[83] The activation of the electrophilicity at 
the iodine centre in the diacetoxyiodobenzene can be achieved through protolysis of one 
of the acetates, leaving a significantly enhanced electrophilic species. Related activation 
mediated by BF3"OEt2 was also described.[82,83] 
 
Having those diaryliodonium halides synthesised, we proceed to exchange their 
respective anions for acetate through the pertinent metathesis reaction with silver 
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acetate in acetic acid and acetonitrile media.[218] These reactions worked nicely, and the 
yields were only affected by solubility issues (Scheme 106). 
 
R
I
R1
X
AgOAc
AcOH, MeCN, 60 ºC R
I
R1
OAc
X.2
a) Symmetrical diaryliodonium acetates
I
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Cl Cl
I
OAc
Br Br
I
OAc
48.1 (90%) 49.1 (87%) 50.1 (86%)
I
OAc
F F
51.1 (56%)
I
OAc
I
OAc
F3C CF3 MeO2C CO2Me
52.1 (99%) 53.1 (60%)
I
OAc
O2N NO2
54.1 (75%) 55.1 (50%)
I
OAc
I
OAc
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I
OAc
I
OAc
MeO
O
OMe
O
O2N
F F
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I
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O
H2N
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PhO OPh
I
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I
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I
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I
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I
OAc
I
OAc
66.1 (43%) 67.1 (96%)
I
OAc
F3C CF3
68.1 (83%)
I
OAc
F F
69.1 (90%)
I
OAc
I
OAc
F3C OMe
I
OAciPr
iPriPr OMe
71.1 (55%) 72.1 (83%)70.1 (99%)
I
OAc
73.1 (60%)
I
OAc
CF3
I
OAciPr
iPriPr
74.1 (71%) 75.1 (99%)
I
OAciPr
iPriPr CF3
76.1 (99%)
b) Non-symmetrical diaryliodonium acetates
 
Scheme 106. Diaryiliodonium acetates synthesised. 
 
Additionally, the bromide anion of diaryliodonium salt 73.2 was exchanged for pivalate, 
a bulkier carboxylate anion. For this synthesis, the use of AcOH was avoided, and the 
reaction was carried out in pure acetonitrile (Scheme 107). 
 
I
Br
AgOPiv
MeCN, 60 ºC
I
OPiv
73.6 (82%)73.2  
Scheme 107. Diaryliodonium pivalate synthesis. 
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4.2.3. Borylation of diaryliodonium carboxylates 
 
Having those diaryliodonium acetates synthesised, the borylation reaction was 
performed by N. Miralles in Fernández laboratories applying the optimised conditions 
for symmetrical diaryliodonium salts. This methodology demonstrated to be general, 
including o,o’-disubtitued arenes (Scheme 108). The scope was further extended using 
different diboranes, such as B2cat2, BpinBdan, etc.[For further details, see [143]] 
Cl
49.1.1 [67 (41)%] 50.1.1 [50 (43)%] 51.1.1 [62 (45)%]
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Scheme 108. Reaction scope in the borylation of diphenyliodonium salts with B2pin2. Reaction 
conditions: Ar2IOAc (0.2 mmol), B2pin2 (0.3 mmol), 50 ºC, 1.25 mL MeOH, 24 h; Average yield from 
two independent runs calculated by GC spectroscopy with mesitylene as internal standard; values in 
brackets refer to isolated yields. Reactions performed by N. Miralles in Fernández laboratories. 
 
Diaryliodonium acetates 57.1, 58.1, 59.1, 62.1, 68.1, 69.1, were either not tested in the 
borylation reaction or gave low yields as calculated by GC-MS (for these cases, lower 
than 10%). Non-symmetrical diaryliodonium acetates 70.1 and 76.1 were not tested. 
 
The chemoselectivity of the reaction was explored by the use of the non-symmetric 
diaryliodonium acetates. When only electronic effects are involved in the arene 
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differentiation (compound 71.1), a perfect 1:1-mixture of borylated products was 
observed, indicating that the chemoselectivity was not determined by the charge density 
in the ipso carbon. However, when Bpin-Bdan was applied under the same reaction 
conditions, the general yield was not affected, although the selectivity suffered a 
change. Here, as expected, the arene with electron-withdrawing groups was transferred 
preferentially (Scheme 109). 
 
F3C
I
OAc
F3C Bpin Bpin
80% (1:1)
B2pin2
MeOH, 50 ºC
F3C Bdan Bdan
79% (63:37)
Bpin-Bdan
MeOH, 50 ºC
71.1
 
Scheme 109. Electronically driven chemoselectivity. Average yield from two independent runs calculated 
by GC spectroscopy with mesitylene as internal standard; values in brackets refer to the ratio between 
products. Reactions performed by N. Miralles in Fernández laboratories. 
 
Concerning a possible ortho effect, mesityl(aryl)iodonium acetates were tested, and 
chemoselectivities up to 60:40 favoured to the transfer of the less hindered aryl moiety 
is observed (anti-ortho effect). When, for a series of non-symmetrical diaryliodonium 
salts with the same ortho substitution pattern, electronics are modified, just slight 
differences are observed among them (Scheme 110, top). 
 
When bulkiness is enhanced with the introduction of 2,4,6-triisopropylphenyl instead of 
mesityl, the chemoselectivity is also increased, confirming the crucial role that sterics 
play in the aryl differentiation during this reaction (Scheme 110, bottom). 
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R Bpin Bpin
B2pin2
MeOH, 50 ºC
I
R
OAc
72.1 (R = OMe):                                                           94% (56:44)
73.1 (R = H):                                                                80% (62:38)
74.1 (R = CF3):                                                            95% (67:33)
Bpin iPr Bpin
B2pin2
MeOH, 50 ºCiPr
I
OAciPr
iPr
iPr
iPr65% (85:15)75.1  
Scheme 110. Ortho effect driven chemoselectivity. Average yield from two independent runs calculated 
by GC spectroscopy with mesitylene as internal standard; values in brackets refer to the ratio between 
products. Reactions performed by N. Miralles in Fernández laboratories. 
 
When the bulkiness of the anion is increased (73.6) instead of the bulkiness of the aryl 
moiety as in 75.1, the overall selectivity also increases. Compounds 75.1 and 73.6 show 
identical chemoselectivity in the aryl transfer, but the latter one gives lower yield. The 
decreased yield in the reaction with 73.6 compared to 75.1 is a consequence of the 
insertion of the anion OPiv in the mesityl moiety (77) according to the ortho effect. 
 
Bpin Bpin
B2pin2
MeOH, 50 ºC
I
OPiv
40% (85:15)73.6
OPiv
77 38%  
Scheme 111. Anion bulkiness driven chemoselectivity. Average yield from two independent runs 
calculated by GC spectroscopy with mesitylene as internal standard; values in brackets refer to the ratio 
between products. 
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4.3. CONCLUSIONS 
 
In this work, a new methodology for metal-free borylation has been developed. This 
methodology represents one of the few examples of non-innocent diaryliodonium 
counterion that are described in literature and the first reaction of diaryliodonium salts 
with elements of the group 13. A considerable number of new diaryliodonium salts 
were synthesised to evaluate the scope of the reaction, which resulted to be reasonably 
general. Non-symmetrical diaryliodonium salts were also synthesised, either with 
electronic or steric differentiation. Electronic differentiation shows almost zero 
chemoselectivity, while an anti-ortho effect is observed when bulky 
aryl(mesityl)iodonium acetates are applied. The increase of bulkiness in the aromatic 
ring provides better chemoselectivy, as it does also when pivaloxy is used as anion. In 
the latter case, the overall yield diminishes due to the competing arylation of the 
carboxylate anion in an ortho-ruled reaction. 
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4.4 EXPERIMENTAL SECTION 
 
4.4.1. General procedures 
 
4.4.1.1. Synthesis of diacetoxyiodoarenes 
 
METHOD I (GP1): 
Arene (10 mmol, 1 equiv.) was dissolved in AcOH (24 mL) and AcOOH (2.6 equiv.) 
was added dropwise and the final mixture was stirred at r.t. for 20 h. The solvent was 
removed under reduced pressure and the final crude was either triturated with hexane 
and filtrated, or dissolved in the minimum amount of CH2Cl2 and cyclohexane added to 
it and both solvents were evaporated under reduced pressure. Thus, the desired 
diacetoxyiodoarene is achieved. 
 
METHOD II (GP2): 
Following the procedure described previously in literature,[219] NaIO4 (1.03 equiv.) and 
anhydrous sodium acetate (2.2 equiv.) were suspended in a stirred mixture of glacial 
AcOH (15 mL) with Ac2O (1.5 mL). Arene was added and the mixture was stirred and 
boiled under reflux for 2.5 h, cooled to r.t. and poured into water. The mixture was 
extracted with CH2Cl2 (3x), dried over Na2SO4 and concentrated under reduced 
pressure. The resulting crude mixture was triturated with Et2O and filtrated to obtain the 
desired diacetoxyiodoarene. 
 
METHOD III (GP3): 
Following the procedure described previously in literature,[158d] at 0 ºC H2SO4 (0.54 
mL) was added dropwise to a suspension of NaIO4 (2 mmol) and I2 (6 mmol) in AcOH 
(10 mL) and Ac2O (5 mL). After 10 minutes, triisopropylbenzene (9.35 mmol) was 
added and the reaction was stirred at r.t. for 2 h. After that time, a cold solution of 
Na2S2O3 (aq.) was added at 0 ºC. After 15 minutes stirring, the mixture was extracted 
with CH2Cl2 (3x), dried over Na2SO4 and concentrated under reduced pressure. The 
iodinated triisopropylbenzene residue was dissolved in AcOH and heated at 40 ºC. 
Then, NaBO3"4H2O (84 mmol) was added portionwise over 30 minutes and the final 
mixture was stirred at 40 ºC for 4 hours. The reaction was concentrated, and 100 mL of 
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water were added and extracted with CH2Cl2 (3x), dried over Na2SO4 and concentrated. 
The final residue was triturated with hexane at -20 ºC and filtrated to obtain the pure 
diacetoxyiodoarene. 
 
 
4.4.1.2. Synthesis of diaryliodonium salts 
 
METHOD A (GP4): 
Following the procedure described previously in literature.[211] Powered I2 (0.72 g, 2.84 
mmol; 0% excess) and NaIO4 (0.92 g, 4.30 mmol; 0% excess) were suspended in stirred 
concentrated H2SO4 (10 mL), and the vigorous stirring was continued at 75 ºC for 1 h. 
Next step was to slowly add Ac2O (0-10 mL depending the sustrate) dropwise to the 
cooled suspension of yellow (IO)2SO4 while stirring. Arene (26 mmol; 30% excess) was 
added portionwise or dropwise, and the resulting mixture was stirred at r.t. for 20 h. The 
final mixtures were poured into stirred ice-H2O (300 g). Any precipitate was filtered off 
and rejected. The cold filtrates were extracted with Et2O (4x50 mL) and the ethereal 
extracts were discarded. KBr (2.0 g, 16.8 mmol) was added to the vigorously stirred 
remaining aqueous solution. After 1 h, the precipitate was collected by filtration and 
washed with cold H2O until the filtrates were neutral and air-dried in the dark to give 
the diaryliodonium bromides. 
 
METHOD B (GP5): 
Following the procedure described previously in literature,[211] Arene (26 mmol, 30% 
excess) was dissolved or suspended in concentrated H2SO4 or in a glacial AcOH-conc 
H2SO4 mixture (depending on the sustrate) and the resulting mixture was warmed up, 
while stirring, to 55 ºC. While keeping the same temperature, NaIO4 (2.14 g, 10 mmol; 
0% excess) was slowly added portionwise over 1.5 h. The cooled final mixtures were 
poured into stirred ice-H2O (300 g). Any precipitate was filtered off and rejected. The 
cold filtrates were extracted with Et2O (4x50 mL) and the ethereal extracts were 
discarded. KBr (2.0 g, 16.8 mmol) was added to the vigorously stirred remaining 
aqueous solution. After 1 h, the precipitate was collected by filtration and washed with 
cold H2O until the filtrates were neutral and air-dried in the dark to give the 
diaryliodonium bromides. 
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METHOD C (GP6): 
Following the procedure described previously in literature,[212] mCPBA (2.5 equiv.), 
TsOH"H2O (3.4 equiv.) and the arene (3.5 equiv.) were dissolved in CH2Cl2. Then, I2 
(5.71 mmol, 1.0 equiv.) was added and the final mixture was stirred at r.t. for 15 h. The 
solution was diluted in H2O and extracted with CH2Cl2 (3x), dried over NaSO4 and 
concentrated. The resulting residue was triturated with Et2O and filtrated to give the 
desired diaryliodonium tosylate. 
 
METHOD D (GP7): 
Based in the procedures described previously in literature,[167h,216] Under inert 
atmosphere, arylboronic acid (1.1 equiv.) was dissolved in CH2Cl2 (35 mL). At 0 ºC, 
BF3"OEt2 (1.5 equiv.) was added and the mixture was stirred at the same temperature 
for 10 minutes. Then, diacetoxyiodoarene (7 mmol, 1.0 equiv.) was added and the final 
mixture was stirred at r.t. for 1.5 h. After cooling back to 0 ºC, TfOH (1.1 equiv.) was 
added and the mixture was warmed to rt and stirred for 20 minutes. The solvent was 
removed under reduced pressure and Et2O was added to the residual mixture. The final 
mixture was cooled to -20 ºC for 10 h and the precipitate (diarliodonium 
trifluoromethanesulfonate) was collected by filtration, washing it with cold Et2O. The 
solid obtained was dissolved in CH3OH (12 mL) and a solution of HBr (48% aq., 0.9 
mL) in CH3OH (12 mL) was added to it while stirring, and the resulting mixture was 
stirred at rt for 45 minutes. Finally, the precipitate was collected by filtration to give the 
desired diaryliodonium bromide. 
 
METHOD D-MODIFIED (GP7-MOD) 
Under inert atmosphere, arylboronic acid (4 mmol, 1.0 equiv.) was dissolved in CH2Cl2 
(63 mL). At 0 ºC, BF3"OEt2 (1.1 equiv.) was added and the mixture was stirred at the 
same temperature for 10 minutes. Then, diacetoxyiodoarene (1.1 equiv.) was added 
dropwise as a solution in CH2Cl2 (12 mL) and the final mixture was left to go by itself 
to r.t. for 2 h. After cooling back to 0 ºC, TfOH (1.1 equiv.) was added and the mixture 
was warmed to rt and stirred for 10 minutes. The solvent was removed under reduced 
pressure and Et2O was added to the residual mixture. The final mixture was cooled to    
-20 ºC for 10 h and the precipitate (diaryliodonium trifluoromethanesulfonate) was 
collected by filtration, washing with cold Et2O. The obtained solid was dissolved in 
CH3OH (7 mL) and a solution of HBr (48% aq., 0.6 mL) in CH3OH (7 mL) was added 
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to it while stirring, and the resulting mixture was stirred at r.t. for 45 minutes. Finally, 
the precipitate was collected by filtration to give the desired diaryliodonium bromide. 
 
METHOD E (GP8):  
Following the procedure described previously in literature,[152] Ac2O (20 mL) was 
added to a well stirred mixture of diacetoxyiodoarene (6 mmol, 1 equiv.) in arene (3.7 
equiv.) and then, at 0 ºC, H2SO4 (2 mL) was added dropwise, stirring the final mixture 
at 0 ºC for 1 h, and at r.t. for 15 h. The final mixture was poured into ice and the cold 
solution was extracted with Et2O rejecting the ethereal extracts. KBr (10 equiv.) was 
added to the vigorously stirred remaining aqueous solution. After 1 h, the precipitate 
was collected by filtration and washed with cold H2O and air-dried in the dark to give 
the diaryliodonium bromides. 
 
METHOD F (GP9): 
Following a modified procedure of the one described previously in literature,[158d,217] 
arene (1.1 equiv.) was added to a solution of iodoarene (9 mmol, 1 equiv.) and mCPBA 
(1.1 equiv.) in CH2Cl2 (40 mL). Then, at 0 ºC, TfOH (1.7 equiv.) was added dropwise, 
and the final mixture was stirred at 0 ºC during 2 h, and at r.t. for 15 h. The solvent was 
removed under reduced pressure and Et2O was added. The final mixture was cooled to  
-20 ºC for 10 h and the precipitate (diaryliodonium trifluoromethanesulfonate) was 
collected by filtration and washed with cold Et2O. The solid obtained was dissolved in 
CH3OH (15 mL) and a solution of HBr (48% aq., 1.1 mL) in CH3OH (15 mL) was 
added to it, while stirring the resulting mixture at r.t. for 45 minutes. Finally, the 
precipitate was collected by filtration to give the desired diaryliodonium bromide. 
 
 
METHOD G (GP10) 
Arene (1.1 equiv.) was added to a solution of diacetoxyiodoarene (9 mmol, 1 equiv.) in 
CH2Cl2 (40 mL). Then, at 0 ºC, TfOH (1.7 equiv.) was added dropwise, stirring the final 
mixture at 0 ºC for 2 h. The solvent was removed under reduced pressure and Et2O was 
added. The final mixture was cooled to -20 ºC for 10 h and the precipitate 
(diaryliodonium trifluoromethanesulfonate) was collected by filtration and washed with 
cold Et2O. The solid obtained was dissolved in CH3OH (15 mL) and a solution of HBr 
(48% aq., 1.1 mL) in CH3OH (15 mL) was added to it, stirring the resulting mixture at 
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r.t. for 45 minutes. Finally, the precipitate was collected by filtration to give the desired 
diaryliodonium bromide. 
 
 
4.4.1.3. Ion exchange 
 
EXCHANGE BETWEEN TOSILATE AND CHLORIDE AS COUNTER-ION 
(GP11) 
Following the procedure described previously in literature,[213] water was added 
dropwise to a solution of diaryliodonium tosilate (4 mmol, 1 equiv.) in hot (60 ºC) 
acetonitrile (5 mL) until the mixture became clear. NH4Cl (5 equiv.) in H2O (4 mL) was 
added dropwise to the resulting solution. Solid precipitated out when cooling the 
reaction mixture to room temperature. The precipitate was filtered off, washed with 
Et2O and dried in air to give the corresponding diaryliodonium chloride. 
 
EXCHANGE BETWEEN HALIDE AND ACETOXY AS COUNTER-ION (GP12) 
Following a modified procedure of the one described previously in literature.[218] In an 
aluminium foil-covered-flask, a preheated solution of AgOAc (1 equiv.) in AcOH (10 
mL) and CH3CN (3.3 mL) was added to a 60 ºC heated solution of diaryliodonium 
halide (4 mmol, 1 equiv.) in AcOH (10 mL) and the final mixture was stirred at 60 ºC 
for 45 minutes. The mixture was cooled and filtered though a Celite, plug, which is 
later washed with CH3CN, and then, the filtrate was concentrated under reduced 
pressure. The residue was triturated with Et2O and dried under vacuum at 50 ºC 
overnight (if necessary) to afford the desired diaryliodonium acetate. 
 
EXCHANGE BETWEEN HALIDE AND PIVALOXY AS COUNTER-ION. 
(GP13) 
In an aluminium foil-covered-flask, diaryliodonium halide (3 mmol, 1 equiv.) and 
freshly synthesised AgOPiv (1 equiv.) were dissolved in CH3CN (12 mL) and stirred at 
60 ºC for 30 minutes. The mixture was cooled and filtered though a Celite, plug, which 
is later washed with CH3CN, and then, the filtrate was concentrated under reduced 
pressure. The residue was triturated with Et2O and dried under reduced pressure to 
afford the desired diaryliodonium pivalate. 
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4.4.2. Compound characterisation 
 
4.4.2.1. Diacetoxyiodoarenes characterisation 
 
1-Diacetoxyiodo-4-(trifluoromethyl)benzene 
Synthesised according to GP1 as white solid in 83% of yield. 
1H-NMR (400 MHz, CDCl3): ( = 2.02 (s, 6H), 7.74 (d, J = 8.2 Hz, 
2H), 8.22 (d, J = 8.2 Hz, 2H). 13C-NMR (100 MHz, CD3OD): ( = 
20.5, 123.3 (q, J = 273.3 Hz), 124.6, 127.9 (q, J = 3.7 Hz), 133.8 (q, J = 33.4 Hz), 
135.5, 176.7. 19F-NMR (376 MHz, CD3OD): ( = -63.3. IR )(cm-1): 3095, 3044, 2989, 
1641, 1597, 1425, 1400, 1369, 1323, 1294, 1270, 1192, 1166, 1115, 1069, 1054, 1005, 
954, 926, 825. HRMS (MALDI+): calc. for [C9H7F3IO2]+: 330.9437; found: 330.9438. 
m.p.(ºC): 103-104. 
 
1-Fluoro-2-diacetoxyiodobenzene 
Synthesised according to GP1 as pale yellow solid in 87% of yield. 
1H-NMR (500 MHz, CDCl3): ( = 1.98 (s, 6H), 7.25-7.29 (m, 1H), 7.38 
(dt, J = 1.3, 8.2 Hz, 1H), 7.59-7.65 (m, 1H), 8.12-8.15 (m, 1H). 13C-
NMR (125 MHz, CDCl3): ( = 20.4, 109.4 (d, J = 23.5 Hz), 116.6 (d, J = 22.4 Hz), 
126.5 (d, J = 3.4 Hz), 134.9 (d, J = 7.9 Hz), 137.2, 159.5 (d, J = 253.3 Hz), 177.0. 19F-
NMR (470 MHz, CDCl3): ( = -95.7. IR )(cm-1): 3085, 3022, 2934, 1640, 1580, 1471, 
1436, 1367, 1263, 1230, 1113, 1038, 1008, 950, 926, 861, 821. HRMS (MALDI+): 
calc. for [C8H7FIO2]+: 280.9469; found: 280.9435. m.p.(ºC): 128-130. 
 
2-Diacetoxyiodo-1,3-dimethylbenzene 
Synthesised according to GP1 as pale yellow solid in 99% of yield. Data 
in agreement with those reported previously.[213] 
1H-NMR (500 MHz, CDCl3): ( = 1.97 (s, 6H), 2.75 (s, 6H), 7.28-7.31 
(m, 2H), 7.36-7.40 (m, 1H). 13C-NMR (125 MHz, CDCl3): ( = 20.4, 27.1, 128.2, 
132.6, 133.1, 141.6, 176.6. IR )(cm-1): 3066, 2930, 1463, 1585, 1456, 1368, 1268, 
1166, 1032, 1008, 926. HRMS (MALDI+): calc. for [C10H12IO2]+: 290.9876; found: 
290.9820. m.p.(ºC): 142-147. 
I
F3C
OAc
AcO
I
OAc
AcOF
I
OAc
AcO
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4-Diacetoxyiodo-1,1’-biphenyl 
Synthesised according to GP1 as pale yellow solid in 68% of 
yield. Data in agreement with those reported previously.[220] 
1H-NMR (400 MHz, CDCl3): ( = 2.03 (s, 6H), 7.37-7.52 (m, 
3H), 7.54-7.61 (m, 2H), 7.68 (d, J = 8.5 Hz, 2H), 8.15 (d, J = 8.6 
Hz, 2H). 13C-NMR (100 MHz, CDCl3): ( = 20.6, 120.2, 127.5, 128.7, 129.2, 129.8, 
135.6, 139.3, 145.1, 176.6. IR )(cm-1): 3066, 2930, 1642, 1585, 1456, 1367, 1267, 
1245, 1166, 1032, 1008, 998, 926. HRMS (MALDI+): calc. for [C14H12IO2]+: 
338.9876; found: 338.9848. m.p.(ºC): 135-137. 
 
3-Methyl-diacetoxyiodobenzene 
Synthesised according to GP1 as pale yellow solid in 93% of yield. 
Data in agreement with those reported previously.[221] 
1H-RMN (400 MHz, CDCl3): ( = 2.01 (s, 6H), 2.43 (s, 3H), 7.36-
7.42 (m, 2H), 7.86-7.94 (m, 2H). 13C-RMN (100 MHz, CDCl3): ( = 20.5, 21.6, 121.6, 
130.8, 132.2, 132.8, 135.5, 141.6, 176.5. IR )(cm-1): 3044, 2924, 1640, 1595, 1473, 
1427, 1364, 1291, 1267, 1097, 1042, 1008, 986, 925, 892. HRMS (MALDI+): calc. for 
[C9H10IO2]+: 276.9720; found: 276.9729. m.p.(ºC): 147-151. 
 
1-Diacetoxyiodo-4-methoxybenzene 
Synthesised according to GP2 as white solid in 73% of yield. Data 
in agreement with those reported previously.[219]  
1H-NMR (400 MHz, CDCl3): ( = 1.99 (s, 6H), 3.86 (s, 3H), 6.96 
(d, J = 9.1 Hz, 2H), 8.01 (d, J = 9.1 Hz, 2H). 13C-NMR (100 MHz, CDCl3): ( = 20.5, 
55.7, 111.8, 116.8, 137.3, 162.3, 176.5. IR )(cm-1): 3088, 2978, 2934, 2840, 1642, 
1572, 1492, 1456, 1441, 1364, 1289, 1250, 1181, 1021, 1007, 923, 827. HRMS 
(MALDI+): calc. for [C9H10IO3]+: 292.9669; found: 292.9657. m.p.(ºC): 85-87. 
 
2-Diacetoxyiodonaphtalene 
Synthesised according to GP2 as white solid in 60% of yield. Data 
in agreement with those reported previously.[222] 
1H-NMR (400 MHz, CDCl3): ( = 2.00 (s, 6H), 7.60-7.67 (m, 2H), 
7.90-7.97 (m, 3H), 8.10 (dd, J = 1.8, 8.8 Hz, 1H), 8.66 (s, 1H). 13C-NMR (100 MHz, 
I
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CDCl3): ( = 20.5, 118.8, 127.7, 128.2, 128.7, 128.9, 130.5, 130.9, 134.1, 134.2, 136.2, 
176.6. IR )(cm-1): 3055, 1639, 1580, 1500, 1433, 1363, 1264, 1157, 1129, 1041, 1008, 
935, 922, 893, 808. HRMS (MALDI+): calc. for [C12H10IO2]+: 312.9720; found: 
312.9757. m.p.(ºC): 128-131. 
 
1-Diacetoxyiodo-2-(trifluoromethyl)benzene 
Synthesised according to GP1 as yellow solid. 23% yield. 
1H-NMR (400 MHz, CDCl3): ( = 1.97 (s, 6H), 7.63-7.69 (m, 1H), 7.76-
7.82 (m, 1H), 7.93-7.97 (m, 1H), 8.48 (d, J = 7.9 Hz, 1H). 13C-NMR 
(100 MHz, CDCl3): ( = 20.3, 117.9, 122.7 (q, J = 275.3 Hz), 128.1 (q, J = 5.2 Hz), 
131.6 (q, J = 32.7 Hz), 132.5, 134.4, 140.2, 177.1. 19F-NMR (376 MHz, CDCl3): ( =   
-60.3. IR )(cm-1): 3096, 1738, 1648, 1589, 1440, 1368, 1270, 1171, 1133, 1111, 1088, 
1036, 1006, 926, 890. HRMS (MALDI+): calc. for [C9H7F3IO2]+: 330.9437; found: 
330.9433. m.p.(ºC): 158-160. 
 
1-Iodo-1,3,5-triisopropylbenzene diacetate 
Synthesised according to GP3 as yellow solid. 39% yield. Data in 
agreement with those reported previously.[158d] 
1H-NMR (400 MHz, CDCl3): ( = 1.28 (d, J = 7.0 Hz, 6H), 1.32 
(d, J = 6.8 Hz, 12H),  1.96 (s, 6H), 2.96 (sept, J = 7.0 Hz, 1H), 3.39 
(sept, J = 6.8 Hz, 2H), 7.17 (s, 2H). 13C-NMR (100 MHz, CDCl3): ( = 20.4, 23.8, 24.4, 
34.2, 39.5, 123.5, 131.0, 150.7, 153.8, 176.4. 
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4.4.2.2. Diaryliodonium salts characterisation 
 
diPhenyliodonium acetate (48.1) 
Isolated according to GP12 as white solid in 90% of yield. 
1H-NMR (400 MHz, CDCl3): ( = 1.87 (s, 3H), 7.37 (t, J = 7.7 Hz, 
4H), 7.47-7.52 (m, 2H), 7.89 (d, J = 7.5 Hz, 4H). 13C-NMR (100 
MHz, CDCl3): ( = 24.5, 120.3, 131.1, 131.4, 134.5, 179.0. IR   
)(cm-1): 3050, 2995, 2914, 1566, 1545, 1471, 1448, 1439, 1384, 1328, 1272, 1179, 
1096, 1066, 1010, 989, 929, 911, 833. HRMS (ESI+): calc. for [C12H10I]+: 280.9822; 
found: 280.9823. m.p.(ºC): 160-161. 
 
bis(4-Chlorophenyl)iodonium bromide (49.2) 
Synthesised according to GP4 (3 mL Ac2O) as brown solid in 
52% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 7.58 (d, J = 8.6 Hz, 4H), 
8.21 (d, J = 8.6 Hz, 4H). 13C-NMR (100 MHz, DMSO-d6): ( = 
117.2, 131.5, 136.8, 136.9. IR )(cm-1): 3073, 3041, 3022, 1563, 1472, 1442, 1387, 
1265. HRMS (ESI+): calc. for [C12H8Cl2I]+: 348.9042; found: 348.9041. m.p.(ºC): 
193-194. 
 
bis(4-Chlorophenyl)iodonium acetate (49.1) 
Isolated according to GP12 as brown solid in 87% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.88 (s, 3H), 7.56 (d, J = 
8.5 Hz, 4H), 8.15 (d, J = 8.5 Hz, 4H). 13C-NMR (100 MHz, 
CD3OD): ( = 20.9, 114.4, 133.1, 138.1, 140.1, 175.4. IR  
)(cm-1): 3075, 3057, 1544, 1472, 1447, 1385, 1332, 1270. HRMS (ESI+): calc. for 
[C12H8Cl2I]+: 348.9042; found: 348.9057. m.p.(ºC): 153-154. 
 
bis(4-Bromophenyl)iodonium bromide (50.2) 
Synthesised according to GP5 (20 mL H2SO4, 10 mL AcOH) 
as pale yellow solid in 94% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 7.68 (d, J = 8.4 Hz, 4H), 
8.12 (d, J = 8.4 Hz, 4H). 13C-NMR (100 MHz, DMSO-d6):    
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( = 118.7, 125.5, 134.3, 136.8. IR )(cm-1): 3067, 1619, 1551, 1464, 1433, 1411, 1375, 
1262, 1169, 1100, 1087, 1060, 986. HRMS (ESI+): calc. for [C12H8Br2I]+: 436.8032; 
found: 436.8040. m.p.(ºC): 188-190. 
 
bis(4-Bromophenyl)iodonium acetate (50.1) 
Isolated according to GP12 as pale brown solid in 86% of 
yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.91 (s, 3H), 7.69 (d, J = 
8.6 Hz, 4H), 8.06 (d, J = 8.6 Hz, 4H). 13C-NMR (100 MHz, 
CD3OD): ( = 23.1, 115.1, 128.5, 136.2, 138.1. IR )(cm-1): 3072, 3055, 1544, 1472, 
1443, 1424, 1382, 1334, 1265, 1230, 1181, 1111, 1091, 1067, 1051, 992, 915, 881. 
HRMS (ESI+): calc. for [C12H8Br2I]+: 436.8032; found: 436.8028. m.p.(ºC): 163-164. 
 
bis(4-Fluorophenyl)iodonium bromide (51.2) 
Synthesised according to GP5 (20 mL H2SO4, 10 mL AcOH) as 
pale yellow solid in 86% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 7.37 (t, J = 8.9 Hz, 4H), 
8.24-8.29 (m, 4H). 13C-NMR (100 MHz, DMSO-d6): ( = 113.6, 
118.9 (d, J = 22.5 Hz), 137.7 (d, J = 9.2 Hz), 163.7 (d, J = 250.8 Hz). 19F-NMR (376 
MHz, DMSO-d6): ( = -106.9. IR )(cm-1): 3093, 3054, 3025, 2959, 1644, 1579, 1484, 
1398, 1281, 1237, 1221, 1163, 1093, 1049, 1009, 1000, 887. HRMS (ESI+): calc. for 
[C12H8F2I]+: 316.9633; found: 316.9630. m.p.(ºC): 166-167. 
 
bis(4-Fluorophenyl)iodonium acetate (51.1) 
Isolated according to GP12 as pale brown solid in 56% of yield. 
1H-NMR (500 MHz, CD3OD): ( = 1.88 (s, 3H), 7.29 (t, J = 8.7 
Hz, 4H), 8.20-8.25 (m, 4H). 13C-NMR (125 MHz, CD3OD): ( = 
24.1, 110.8, 120.4 (d, J = 23.2 Hz), 139.2 (d, J = 9.1 Hz), 166.3 
(d, J = 253.6 Hz), 180.1. 19F-NMR (470 MHz, CD3OD): ( = -107.2. IR )(cm-1): 3096, 
3034, 2964, 1592, 1575, 1554, 1480, 1390, 1330, 1309, 1292, 1222, 1174, 1158, 1070, 
1002, 960. HRMS (ESI+): calc. for [C12H8F2I]+: 316.9633; found: 316.9635. m.p.(ºC): 
166-167. 
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bis(3-(Trifluoromethyl)phenyl)iodonium bromide (52.2) 
Synthesised according to GP4 (0 mL Ac2O) as white solid 
in 47% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 7.71 (t, J = 7.9 Hz, 
2H), 7.98 (d, J = 7.7 Hz, 2H), 8.54 (d, J = 7.8 Hz, 2H), 
8.75 (s, 2H). 13C-NMR (100 MHz, DMSO-d6): ( = 120.9, 123.0 (q, J = 273.2 Hz), 
128.2 (q, J = 3.5 Hz), 131.0 (q, J = 32.3 Hz), 131.6 (q, J = 3.8 Hz), 132.3, 139.0. 19F-
NMR (376 MHz, DMSO-d6): ( = -60.9. IR )(cm-1): 3053, 3035, 3019, 1599, 1422, 
1320, 1305, 1277, 1191, 1169, 1122, 1094, 1082, 1053, 992, 915. HRMS (ESI+): calc. 
for [C14H8F6I]+: 416.9569; found: 416.9570. m.p.(ºC): 196-205. 
 
bis(3-(Trifluoromethyl)phenyl)iodonium acetate (52.1) 
Isolated according to GP12 as grey liquid in 99% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.92 (s, 3H), 7.73 (t, J 
= 7.9 Hz, 2H), 8.00 (d, J = 7.8 Hz), 8.48 (d, J = 7.9 Hz, 
2H), 8.66 (s, 2H). 13C-NMR (100 MHz, CD3OD): ( = 
22.4, 117.8, 124.2 (q, J = 272.5 Hz), 130.3, 133.3 (q, J = 3.9 Hz), 133.7, 134.5 (q, J = 
33.6 Hz), 140.2, 177.7. 19F-NMR (376 MHz, DMSO-d6): ( = -64.1. IR )(cm-1): 3066, 
1711, 1536, 1421, 1394, 1318, 1306, 1276, 1169, 1123, 1095, 1079, 1055, 1006, 993, 
934, 886, 793. HRMS (ESI+): calc. for [C14H8F6I]+: 416.9569; found: 416.9575. 
 
bis(3-(Methoxycarbonyl)phenyl)iodonium bromide (53.2) 
Synthesised according to GP4 (0 mL Ac2O) as pale 
brown solid in 70% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 3.88 (s, 6H), 
7.64 (t, J = 7.4 Hz, 2H), 8.14 (d, J = 7.4 Hz, 2H), 
8.52 (d, J = 7.4 Hz, 2H), 8.83 (s, 2H). 13C-NMR (100 MHz, DMSO-d6): ( = 52.8, 
119.6, 131.9, 132.1, 132.2, 135.6, 139.6, 164.7. IR )(cm-1): 3029, 2952, 1722, 1708, 
1590, 1559, 1433, 1417. HRMS (ESI+): calc. for [C16H14IO4]+: 396.9931; found: 
396.9930. m.p.(ºC): 140-145. 
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bis(3-(Methoxycarbonyl)phenyl)iodonium acetate (53.1) 
Isolated according to GP12 as brown solid in 60% 
of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.94 (s, 3H), 
3.93 (s, 6H), 7.64 (t, J = 7.9 Hz, 2H), 8.25 (d, J = 
7.6 Hz, 2H), 8.43 (d, J = 7.4 Hz, 2H), 8.81 (s, 2H). 13C-NMR (100 MHz, CD3OD): ( = 
22.1, 53.3, 117.0, 133.1, 134.0, 134.7, 137.1, 140.7, 166.0, 177.1. IR )(cm-1): 3056, 
2952, 1713, 1589, 1540, 1435, 1390, 1363, 1261, 1194, 1115, 1082, 1057, 994, 961, 
878. HRMS (ESI+): calc. for [C16H14IO4]+: 396.9931; found: 396.9926. m.p.(ºC): 113-
114. 
 
bis(3-Nitrophenyl)iodonium bromide (54.2) 
Synthesised according to GP4 (0 mL Ac2O) as yellow 
solid in 66% of yield. 
1H-NMR (500 MHz, DMSO-d6): ( = 7.77 (t, J = 8.2 Hz, 
2H), 8.40 (d, J = 7.8 Hz, 2H), 8.67 (d, J = 8.0 Hz, 2H), 
9.21 (s, 2H). 13C-NMR (125 MHz, DMSO-d6): ( = 120.8, 126.3, 129.8, 132.4, 141.1, 
148.2. IR )(cm-1): 3083, 3034, 3006, 2862, 1595, 1524, 1460, 1422, 1344, 1303, 1259. 
HRMS (ESI+): calc. for [C12H8IN2O4]+: 370.9523; found: 370.9529. m.p.(ºC): 199-
200. 
 
bis(3-Nitrophenyl)iodonium acetate (54.1) 
Isolated according to GP12 as yellow solid in 75% of 
yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.86 (s, 3H), 7.78 (t, J 
= 8.1 Hz, 2H), 8.50 (d, J = 8.6 Hz, 2H), 8.60 (d, J = 8.0 
Hz, 2H), 9.20 (s, 2H). 13C-NMR (100 MHz, CD3OD): ( = 24.0, 117.7, 128.2, 131.4, 
133.9, 142.1, 150.5, 180.1. IR )(cm-1): 3088, 3036, 2866, 1596, 1525, 1466, 1418, 
1396, 1347, 1300. HRMS (ESI+): calc. for [C12H8IN2O4]+: 370.9523; found: 370.9530. 
m.p.(ºC): 124-125. 
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bis(2,4-Dimethylphenyl)iodonium bromide (55.2) 
Synthesised according to GP5 (5 mL H2SO4, 35 mL AcOH) as 
yellow solid in 52% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 2.37 (s, 6H), 2.60 (s, 6H), 
7.09-7.14 (m, 2H), 7.36-7.39 (m, 2H), 8.03 (d, J = 8.3 Hz, 2H). 
13C-NMR (100 MHz, CD3OD): ( = 21.2, 25.3, 116.6, 131.3, 133.7, 138.2, 142.2, 
145.6. IR )(cm-1): 2913, 1590, 1440, 1377, 1274, 1234, 1166, 1142, 1035, 1001, 990. 
HRMS (ESI+): calc. for [C16H18I]+: 337.0448; found: 337.0448. m.p.(ºC): 162-163. 
 
bis(2,4-Dimethylphenyl)iodonium acetate (55.1) 
Isolated according to GP12 as pale yellow solid in 50% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.91 (s, 3H), 2.37 (s, 6H), 
2.60 (s, 6H), 7.12 (dd, J = 1.7, 8.3 Hz, 2H), 7.38 (s, 2H), 8.03 (d, J 
= 8.3 Hz, 2H). 13C-NMR (100 MHz, CD3OD): ( = 21.2, 23.2, 
25.3, 116.4, 131.3, 133.7, 138.2, 142.2, 145.7. IR )(cm-1): 3001, 2955, 2918, 2860, 
1552, 1471, 1444, 1385, 1328, 1233, 1170, 1146, 1035, 1003, 915. HRMS (ESI+): 
calc. for [C16H18I]+: 337.0448; found: 337.0451. m.p.(ºC): 138-139. 
 
bis(Mesityl)iodonium bromide (56.2) 
Synthesised according to GP5 (5 mL H2SO4, 35 mL AcOH) as 
yellow solid in 13% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 2.27 (s, 6H), 2.46 (s, 
12H), 7.15 (s, 4H). 13C-NMR (100 MHz, DMSO-d6): ( = 
20.4, 25.4, 120.3, 130.2, 141.8, 142.4. IR )(cm-1): 3017, 2953, 2920, 1588, 1570, 1443, 
1375, 1298, 1247, 1177, 1033, 983. HRMS (ESI+): calc. for [C18H22I]+: 365.0761; 
found: 365.0762. m.p.(ºC): 134-135. 
 
bis(Mesityl)iodonium acetate (56.1) 
Isolated according to GP12 as pale yellow solid in 73% of 
yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.93 (s, 3H), 2.35 (s, 6H), 
2.53 (s, 12H), 7.19 (s, 4H). 13C-NMR (100 MHz, CD3OD):   
( = 20.8, 22.8, 26.1, 119.1, 131.8, 143.6, 145.3. IR )(cm-1): 3017, 2967, 2920, 1666, 
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1563, 1447, 1375, 1351, 1297, 1178, 1104, 1035, 986, 944, 851. HRMS (ESI+): calc. 
for [C18H22I]+: 365.0761; found: 365.0757. m.p.(ºC): 117-119. 
 
bis(4-Fluoro-3-nitro)iodonium bromide (57.2) 
Synthesised according to GP4 (0 mL Ac2O) as yellow 
solid in 18% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 7.75 (dd, J = 8.9, 
11.2 Hz, 2H), 8.63-8.70 (m, 2H), 9.14 (dd, J = 2.2, 7.0 Hz, 
2H). 13C-NMR (100 MHz, DMSO-d6): ( = 115.7, 121.7 (d, J = 22.1 Hz), 133.2, 137.9 
(d, J = 8.0 Hz), 143.2 (d, J = 9.8 Hz), 156.5 (d, J = 267.4 Hz). 19F-NMR (376 MHz, 
DMSO-d6): ( = &112.7. IR )(cm-1): 3087, 3018, 1603, 1582, 1526, 1473, 1338, 1288, 
1266, 1248, 1186, 1145, 1091, 1064, 985, 946, 919, 870, 883. HRMS (ESI+): calc. for 
[C12H6F2IN2O4]+: 406.9335; found: 406.9334. m.p.(ºC): 199-202. 
 
bis(4-Fluoro-3-nitro)iodonium acetate (57.1) 
Isolated according to GP12 as yellow solid in 80% of 
yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.96 (s, 3H), 7.55-
7.64 (m, 2H), 8.54-8.61 (m, 2H), 9.06-9.12 (m, 2H). 13C-
NMR (100 MHz, CD3OD): ( = 21.4, 111.5, 123.1 (d, J = 22.5 Hz), 134.9, 139.9, 144.0 
(d, J = 9.9 Hz), 158.8 (d, J = 270.0 Hz). 19F-NMR (376 MHz, CD3OD): ( = &112.9. IR 
)(cm-1): 3091, 3042, 1707, 1597, 1528, 1476, 1343, 1269, 1243, 1025, 871,824, 810. 
HRMS (ESI+): calc. for [C12H6F2IN2O4]+: 406.9335; found: 406.9342. m.p.(ºC): 169-
171. 
 
bis(4-(2-Methoxy-2-oxyethyl)phenyl)iodonium bromide (58.2) 
Synthesised according to GP4 (6 mL Ac2O) as 
brown solid in 43% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 3.60 (s, 
6H), 3.75 (s, 4H), 7.37 (d, J = 8.3 Hz, 4H), 8.14 
(d, J = 8.3 Hz, 4H). 13C-NMR (100 MHz, DMSO-d6): ( = 39.8, 52.3, 116.5, 133.1, 
135.3, 138.9, 171.5. IR )(cm-1): 3022, 2949, 1731, 1488, 1423, 1334, 1249, 1220, 
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1185, 1163, 1132, 1048, 1000, 840, 803. HRMS (ESI+): calc. for [C18H18IO4]+: 
425.0244; found: 425.0223. m.p.(ºC): 158-162. 
 
bis(4-(2-Methoxy-2-oxyethyl)phenyl)iodonium acetate (58.1) 
Isolated according to GP12 as grey foam in 97% 
of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.97 (s, 3H), 
3.66 (s, 6H), 3.73 (s, 4H), 7.42 (d, J = 8.3 Hz, 
4H), 8.09 (d, J = 8.3 Hz, 4H). 13C-NMR (100 MHz, CD3OD): ( = 21.3, 41.0, 52.7, 
114.6, 134.1, 136.5, 140.7, 172.8. IR )(cm-1): 3043, 2952, 1726, 1554, 1485, 1434, 
1404, 1342, 1252, 1220, 1189, 1159, 1056, 998, 897, 834. HRMS (ESI+): calc. for 
[C18H18IO4]+: 425.0244; found: 425.0245. m.p.(ºC): 54-57. 
 
bis(3-(Carbamoil)phenyl)iodonium bromide (59.2) 
Synthesised according to GP4 (0 mL Ac2O) as yellow  
solid in 23% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 7.59 (t, J = 7.9 
Hz, 2H), 7.65 (bs, 2H), 8.06-8.09 (m, 2H), 8.13 (bs, 
2H), 8.35-8.39 (m, 2H), 8.68 (t, J = 1.6 Hz, 2H). 13C-NMR (100 MHz, DMSO-d6): ( = 
118.7, 130.2, 131.4, 134.3, 137.0, 137.5, 165.8. IR )(cm-1): 3332, 3186, 3041, 1671, 
1644, 1609, 1552, 1421, 1372, 1301, 1172, 1139, 1109, 991, 939, 816. HRMS (ESI+): 
calc. for [C14H12IN2O2]+: 366.9938; found: 366.9939. m.p.(ºC): 179-180. 
 
bis(3-(Carbamoil)phenyl)iodonium acetate (59.1) 
Isolated according to GP12 as pale yellow solid in 
98% yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.88 (s, 3H), 7.63 
(t, J = 8.0 Hz, 2H), 8.13-8.16 (m, 2H), 8.33-8.37 (m, 
2H), 8.68 (t, J = 1.6 Hz, 2H). 13C-NMR (100 MHz, CD3OD): ( = 23.6, 116.7, 132.3, 
133.1, 135.8, 138.8, 139.2, 169.2, 179.4. IR )(cm-1): 3287, 3153, 3063, 2974, 1692, 
1614, 1552, 1387, 1339,  1284, 1144, 1116, 1060, 1011, 995, 918, 890, 816, 796. 
HRMS (ESI+): calc. for [C14H12IN2O2]+: 366.9938; found: 366.9936. m.p.(ºC): 163-
164. 
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bis(4-Methoxyphenyl)iodonium 4-methylbenzenesulfonate (60.5) 
Synthesised according to GP6 as pale yellow solid in 99% 
of yield. 
1H-NMR (400 MHz, CDCl3): ( = 2.32 (s, 3H), 3.80 (s, 
6H), 6.85 (d, J = 9.1 Hz, 4H), 7.06 (d, J = 7.9 Hz, 2H), 
7.61 (d, J = 8.1 Hz, 2H), 7.84 (d, J = 9.2 Hz, 4H). 13C-NMR (100 MHz, CDCl3): ( = 
21.4, 55.7, 104.4, 117.6, 126.2, 128.6, 136.9, 139.4, 143.0, 162.4. IR )(cm-1): 3090, 
2941, 2841, 1571, 1486, 1460, 1439, 1404, 1297, 1252, 1211, 1165, 1117, 1030, 1020, 
1008, 991. HRMS (ESI+): calc. for [C14H14IO2]+: 341.0033; found: 341.0032. 
m.p.(ºC): 150-151. 
 
bis(4-Methoxyphenyl)iodonium chloride (60.2) 
Isolated according to GP11 as white solid in 79% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 3.84 (s, 6H), 7.04 (d, J 
= 8.7 Hz, 4H), 8.03 (d, J = 8.7 Hz, 4H). 13C-NMR (100 
MHz, CD3OD): ( = 56.3, 105.3, 118.7, 138.1, 164.4. IR 
)(cm-1): 3030, 2967, 2941, 2839, 1570, 1484, 1456, 1401. HRMS (ESI+): calc. for 
[C14H14IO2]+: 341.0033; found: 341.0029. m.p.(ºC): 215-216. 
 
bis(4-Methoxyphenyl)iodonium acetate (60.1) 
Isolated according to GP12 as grey semisolid in 60% of 
yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.90 (s, 3H), 3.84 (s, 
6H), 7.04 (d, J = 9.0 Hz, 4H), 8.03 (d, J = 9.1 Hz, 4H). 
13C-NMR (100 MHz, CD3OD): ( = 22.9, 56.3, 105.3, 118.7, 138.1, 164.4. IR )(cm-1): 
2968, 2941, 2840, 1571, 1542, 1486, 1460, 1440, 1389, 1295, 1247, 1173, 1117, 1018, 
991. HRMS (ESI+): calc. for [C14H14IO2]+: 341.0033; found: 341.0031. 
 
bis(4-Phenoxyphenyl)iodonium 4-methylbenzenesulfonate (61.5) 
Synthesised according to GP6 as pale yellow solid in 97% 
of yield. 
1H-NMR (400 MHz, CDCl3) ( = 2.30 (s, 3H), 6.83-6.87 
(m, 4H), 6.98-7.05 (m, 6H), 7.18-7.22 (m, 2H), 7.35-7.40 
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(m, 4H), 7.48-7.51 (m, 2H), 7.85-7.90 (m, 4H). 13C-NMR (100 MHz, CDCl3) ( = 21.5, 
107.1, 120.4, 125.2, 126.1, 128.6, 130.3, 137.2, 139.5, 142.8, 155.0, 161.0. IR )(cm-1): 
3059, 1569, 1478, 1222, 1152, 1006, 750. HRMS (ESI+): calc. for [C24H18IO2]+: 
465.0346; found: 465.0331. m.p.(ºC): 161-163. 
 
bis(4-Phenoxyphenyl)iodonium chloride (61.2) 
Isolated according to GP11 as white solid in 81% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 7.02 (d, J = 9.0 Hz, 
4H), 7.07-7.11 (m, 4H), 7.21-7.28 (m, 2H), 7.41-7.48 (m, 
4H), 8.12 (d, J = 9.0 Hz, 4H). 13C-NMR (100 MHz, 
DMSO-d6): ( = 120.0, 120.1, 124.9, 130.4, 137.0, 154.7, 159.7. IR )(cm-1): 3051, 
3012, 1592, 1569, 1475, 1397, 1284, 1230, 1195, 1168, 1111, 1068, 1021, 997, 953, 
939, 912 862. HRMS (ESI+): calc. for [C24H18IO2]+: 465.0346; found: 465.0345. 
m.p.(ºC): 213-214. 
 
bis(4-Phenoxyphenyl)iodonium acetate (61.1) 
Isolated according to GP12 as brown solid in 87% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.89 (s, 3H), 7.01-7.10 
(m, 8H), 7.22-7.28 (m, 2H), 7.40-7.47 (m, 4H), 8.09 (d, J = 
9.1 Hz, 4H). 13C-NMR (100 MHz, CD3OD): ( = 23.9, 
107.6, 121.5, 121.6, 126.4, 131.4, 138.5, 156.3, 163.0. IR )(cm-1): 3057, 3038, 1712, 
1590, 1570, 1543, 1477, 1390, 1333, 1299, 1282, 1234, 1192, 1164, 1114, 1097, 1072, 
1049, 1022, 999, 963, 912, 891, 863, 852, 828, 793, 776, 750. HRMS (ESI+): calc. for 
[C24H18IO2]+: 465.0346; found: 465.0348. m.p.(ºC): 160-162. 
 
bis(2-Thiophenyl)iodonium 4-methylbenzenesulfonate (62.5) 
Synthesised according to GP6 as pale brown solid in 36% of yield. 
Spectroscopic data in accordance with literature.[212] 
1H-NMR (400 MHz, CDCl3) ( = 2.32 (s, 3H), 6.94 (dd, J = 3.8, 5.1 
Hz, 2H), 7.04 (d, J = 7.9 Hz, 2H), 7.41 (d, J = 8.1 Hz, 2H), 7.50 (d, J = 
4.8 Hz, 2H), 7.74 (d, J = 3.7 Hz, 2H). 13C-NMR (100 MHz, CDCl3) ( = 21.5, 102.8, 
126.1, 128.7, 129.2, 135.3, 139.6, 140.0, 141.8. 
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bis(2-Thiophenyl)iodonium chloride (62.2) 
Isolated according to GP11 as pale yellow solid in 87% of yield. 
Spectroscopic data in accordance with literature.[223] 
1H-NMR (400 MHz, DMSO-d6): ( = 7.07-7.09 (m, 2H), 7.85-7.88 
(m, 4H). 13C-NMR (100 MHz, DMSO-d6): ( = 109.0, 129.0, 135.5, 
138.5. 
 
bis(2-Thiophenyl)iodonium acetate (62.1) 
Isolated according to GP12 as grey solid in 58% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.88 (s, 3H), 7.14 (dd, J = 3.9, 5.3 
Hz, 2H), 7.85 (dd, J = 0.9, 5.3 Hz, 2H), 7.96 (dd, J = 0.9, 3.7 Hz, 2H). 
13C-NMR (100 MHz, CD3OD): ( = 23.9, 103.5, 130.5, 137.9, 141.4. 
IR )(cm-1): 3316, 3080, 3066, 2922, 1535, 1497, 1387, 1329, 1220, 1159, 1126, 1071, 
1036, 1007, 955. HRMS (ESI+): calc. for [C8H6IS2]+: 292.8950; found: 292.8951. 
m.p.(ºC): 137-138 (desc.). 
 
bis(4-(Trifluoromethyl)phenyl)iodonium bromide (63.2) 
Synthesised according to GP7 as white solid in 59% of 
yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 7.86 (d, J = 8.3 Hz, 
4H), 8.45 (d, J = 8.2 Hz, 4H). 13C-NMR (100 MHz, 
DMSO-d6): ( = 123.5 (q, J = 273.2 Hz), 124.8, 128.1 (q, J = 3.6 Hz), 131.4 (q, J = 32.4 
Hz), 135.9. 19F-NMR (376 MHz, DMSO-d6): ( = -61.3. IR )(cm-1): 3062, 3032, 2969, 
1595, 1400, 1326, 1158, 1126, 1105, 1066, 1047, 1004, 998, 969, 961, 849, 836, 770, 
719. HRMS (ESI+): calc. for [C14H8F6I]+: 416.9569; found: 416.9574. m.p.(ºC): 217-
218. 
 
bis(4-(Trifluoromethyl)phenyl)iodonium acetate (63.1) 
Isolated according to GP12 as white solid in 85% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.87 (s, 3H), 7.85 (d, J 
= 8.3 Hz, 4H), 8.40 (d, J = 8.3 Hz, 4H). 13C-NMR (100 
MHz, CD3OD): ( = 24.1, 120.9, 124.7 (q, J = 272.5 Hz), 
129.8 (q, J = 3.7 Hz), 135.2 (q, J = 33.3 Hz), 137.4. 19F-NMR (376 MHz, CD3OD):     
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( = -64.5. IR )(cm-1): 3097, 3037, 1594, 1535, 1396, 1320, 1158, 1118, 1106, 1067, 
1047, 1000, 956, 920, 831, 822. HRMS (ESI+): calc. for [C14H8F6I]+: 416.9569; found: 
416.9573. m.p.(ºC): 157-158. 
 
di([1,1’-Biphenyl]-4-yl)iodonium bromide (64.2) 
Synthesised according to GP7 as brown solid in 85% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 7.38-7.44 (m, 2H), 
7.45-7.50 (m, 4H), 7.66-7.71 (m, 4H), 7.77 (d, J = 8.6 Hz, 
4H), 8.31 (d, J = 8.5 Hz, 4H). 13C-NMR (100 MHz, DMSO-
d6): ( = 117.8, 127.0, 128.5, 129.1, 129.6, 135.6, 138.2, 143.1. IR )(cm-1): 3047, 3030, 
1599, 1580, 1557, 1475, 1446, 1389, 1309, 1281, 1191, 1157, 1119, 1103, 1076, 1028, 
1009, 994, 915. HRMS (ESI+): calc. for [C24H18I]+: 433.0448; found: 433.0443. 
m.p.(ºC): 186-187. 
 
di([1,1’-Biphenyl]-4-yl)iodonium acetate (64.1) 
Isolated according to GP12 as pale brown solid in 95% of 
yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.90 (s, 3H), 7.39-7.43 
(m, 2H), 7.45-7.49 (m, 4H), 7.62-7.65 (m, 4H), 7.78 (d, J = 
8.6 Hz, 4H), 8.25 (d, J = 8.6 Hz, 4H). 13C-NMR (100 MHz, CD3OD): ( = 23.6, 114.6, 
128.3, 129.9, 130.2, 131.5, 136.9, 140.0, 146.9. IR )(cm-1): 3054, 3025, 1708, 1539, 
1475, 1445, 1389, 1334, 1282, 1245, 1190, 1153, 1105, 1074, 1027, 996, 913. HRMS 
(ESI+): calc. for [C24H18I]+: 433.0448; found: 433.0449. m.p.(ºC): 142-145. 
 
bis(3-Methylphenyl)iodonium bromide (65.2) 
Synthesised according to GP7 as white solid in 88% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 2.32 (s, 6H), 7.37 (t, J = 
7.7 Hz, 2H), 7.43 (d, J = 7.4 Hz, 2H), 7.98 (d, J = 7.7 Hz, 2H), 
8.05 (s, 2H). 13C-NMR (100 MHz, DMSO-d6): ( = 20.8, 118.2, 
131.2, 132.0, 132.2, 135.1, 141.4. IR )(cm-1): 3042, 3021, 2998, 2916, 1593, 1561, 
1474, 1442, 1378, 1274, 1210, 1093, 1056, 987, 917. HRMS (ESI+): calc. for 
[C14H14I]+: 309.0135; found: 309.0133. m.p.(ºC): 221-224. 
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bis(3-Methylphenyl)iodonium acetate (65.1) 
Isolated according to GP12 as grey solid in 99% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.87 (s, 3H), 2.40 (s, 6H), 
7.40 (t, J = 7.8 Hz, 2H), 7.51 (d, J = 7.7 Hz, 2H), 7.94 (d, J = 7.9 
Hz, 2H), 8.01 (s, 2H). 13C-NMR (100 MHz, CD3OD): ( = 21.2, 
24.2, 115.9, 132.8, 133.4, 134.3, 136.5, 144.1. IR )(cm-1): 3033, 3007, 2918, 1596, 
1547, 1472, 1416, 1380, 1327, 1276, 1213, 1171, 1068, 1040, 1001, 984, 908. HRMS 
(ESI+): calc. for [C14H14I]+: 309.0135; found: 309.0126. m.p.(ºC): 140-143. 
 
di(Naphalen-2-yl)iodonium bromide (66.2) 
Synthesised according to GP7 as brown solid in 18% of 
yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 7.64-7.68 (m, 4H), 
7.96-8.03 (m, 6H), 8.23 (dd, J = 1.8, 8.8 Hz, 2H), 8.94-8.96 
(m, 2H). 13C-NMR (100 MHz, DMSO-d6): ( = 115.8, 127.7, 128.0, 128.1, 128.6, 
130.2, 131.1, 133.2, 133.8, 135.7. IR )(cm-1): 3040, 3022, 1762, 1662, 1577, 1498, 
1347, 1267, 1239, 1196, 1160, 1144, 1131, 1019, 962, 949, 931, 856. HRMS (ESI+): 
calc. for [C20H14I]+: 381.0135; found: 381.0141. m.p.(ºC): 161-165. 
 
di(Naphalen-2-yl)iodonium acetate (66.1) 
Isolated according to GP12 as brown solid in 43% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.92 (s, 3H), 7.65-7.70 
(m, 4H), 7.94-8.03 (m, 6H), 8.14 (dd, J = 1.7, 8.9 Hz, 2H), 
8.87 (s, 2H). 13C-NMR (100 MHz, CD3OD): ( = 23.0, 
112.7, 129.2, 129.3, 129.4, 130.4, 130.8, 133.1, 135.6, 135.9, 137.7. IR )(cm-1): 3051, 
2926, 1704, 1666, 1513, 1381, 1343, 1265, 1158, 1130, 1033, 962, 930, 882, 855. 
HRMS (ESI+): calc. for [C20H14I]+: 381.0135; found: 381.0128. m.p.(ºC): 130-140. 
 
bis(2,6-Dimethylphenyl)iodonium bromide (67.2) 
Synthesised according to GP7 as pale yellow solid in 36% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 2.51 (s, 12H), 7.30-7.34 (m, 
4H), 7.41-7.46 (m, 2H). 13C-NMR (100 MHz, DMSO-d6): ( = 
25.7, 124.8, 129.4, 132.1, 141.9. IR )(cm-1): 2973, 1580,1459, 
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1375, 1304, 1252, 1022, 784. HRMS (ESI+):  calc. for [C16H18I]+: 337.0448; found: 
337.0454. m.p.(ºC): 144-145. 
 
bis(2,6-Dimethylphenyl)iodonium acetate (67.1) 
Isolated according to GP12 as white solid in 96% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.88 (s, 3H), 2.59 (s, 12H), 
7.35-7.40 (m, 4H), 7.45-7.51 (m, 2H). 13C-NMR (100 MHz, 
CD3OD): ( = 24.2, 26.3, 122.8, 131.1, 134.2, 144.0. IR )(cm-1): 
3050, 2963, 2917, 1574, 1552, 1455, 1381, 1325, 1248, 1170, 1112, 1030, 986. HRMS 
(ESI+): calc. for [C16H18I]+: 337.0448; found: 337.0447. m.p.(ºC): 126-127. 
 
bis(2-(Trifluoromethyl)phenyl)iodonium bromide (68.2) 
Synthesised according to GP7 as white solid in 27% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 7.73-7.78 (m, 2H), 7.84 (t, J = 
7.4 Hz, 2H), 7.95 (dd, J = 1.2, 7.7 Hz, 2H), 8.66 (d, J = 7.9 Hz, 2H). 
13C-NMR (100 MHz, DMSO-d6): ( = 117.6, 122.6 (q, J = 274.8 
Hz), 128.8, 129.2 (q, J = 32.7 Hz), 132.6, 135.4, 139.5. 19F-NMR (376 MHz, DMSO-
d6): ( = -57.4. IR )(cm-1): 3064, 3021, 1586, 1570, 1431, 1308, 1269, 1183, 1128, 
1107, 1084, 1033, 994, 969, 879. HRMS (ESI+): calc. for [C14H8F6I]+: 416.9569; 
found: 416.9586. m.p.(ºC): 155-156. 
 
bis(2-(Trifluoromethyl)phenyl)iodonium acetate (68.1) 
Isolated according to GP12 as white solid in 83% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.85 (s, 3H), 7.79 (dt, J = 1.5, 
7.8 Hz, 2H), 7.93 (t, J = 7.7 Hz, 2H), 8.05 (dd, J = 1.6, 7.9 Hz, 2H), 
8.57 (d, J = 8.0 Hz, 2H). 13C-NMR (100 MHz, CD3OD): ( = 24.0, 
113.2, 124.1 (q, J = 273.7 Hz), 130.5 (bs), 132.2 (q, J = 33.1 Hz), 134.8, 136.8, 141.1. 
19F-RMN (376 MHz, CD3OD): ( = -59.7. IR )(cm-1): 1588, 1538, 1428, 1399, 1338, 
1312, 1265, 1176, 1108, 1083, 1037, 1013, 1004, 958, 924, 877. HRMS (ESI+): calc. 
for [C14H8F6I]+: 416.9569; found: 416.9575. m.p.(ºC): 122-123. 
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bis(2-Fluorophenyl)iodonium bromide (69.2) 
Synthesised according to GP7 as yellow solid in 51% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 7.27-7.33 (m, 2H), 7.47-7.54 
(m, 2H), 7.61-7.69 (m, 2H), 8.29-8.36 (m, 2H). 13C-NMR (100 MHz, 
DMSO-d6): ( = 107.8 (d, J = 26.0 Hz), 116.6 (d, J = 22.6 Hz), 127.3, 
134.8 (d, J = 7.9 Hz), 136.7, 157.9 (d, J = 249.3 Hz). 19F-NMR (376 MHz, DMSO-d6): 
( = -98.4. IR )(cm-1): 3049, 3015, 1586, 1576, 1467, 1443, 1289, 1260, 1230, 1154, 
1122, 1108, 1031, 1011, 955. HRMS (ESI+): calc. for [C12H8F2I]+: 316.9633; found: 
316.9626. m.p.(ºC): 218-219. 
 
bis(2-Fluorophenyl)iodonium acetate (69.1) 
Isolated according to GP12 as yellow solid in 90% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.87 (s, 3H), 7.32-7.37 (m, 2H), 
7.45-7.52 (m, 2H), 7.69-7.76 (m, 2H), 8.26-8.31 (m, 2H). 13C-NMR 
(100 MHz, CD3OD): ( = 24.0, 104.4 (d, J = 23.9 Hz), 118.0 (d, J = 
23.2 Hz), 128.7, 137.0 (d, J = 8.0 Hz), 138.2, 161.3 (d, J = 251.3 Hz). 19F-NMR (376 
MHz, CD3OD): ( = -98.3. IR )(cm-1): 3074, 3054, 3018, 2919, 1581, 1542, 1473, 
1444, 1417, 1388, 1332, 1290, 1269, 1231, 1166, 1133, 1110, 1041, 1017, 1003, 954. 
HRMS (ESI+): calc. for [C12H8F2I]+: 316.9633; found: 316.9626. m.p.(ºC): 170-171. 
 
(4-Methoxyphenyl)(2,4,6-triisopropylphenyl)iodonium bromide (70.2) 
Synthesised according to GP7-MOD (1-diacetoxyiodo-
2,4,6-(triisopropyl)benzene as diacetoxyiodoarene and 4-
methoxyphenylboronic acid as boronic acid) as white solid 
in 57% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 1.18-1.26 (m, 18H), 2.95 (sept, J = 6.9 Hz, 1H), 
3.43 (sept, J = 6.7 Hz, 2H), 3.76 (s, 3H), 7.04 (d, J = 9.2 Hz, 2H), 7.25 (s, 2H), 7.80 (d, 
J = 9.1 Hz, 2H). 13C-NMR (100 MHz, DMSO-d6): ( = 23.5, 24.0, 33.3, 38.5, 55.6, 
106.3, 117.3, 124.3, 125.6, 135.6, 150.6, 153.4, 161.3. IR )(cm-1): 2962, 2933, 2869, 
2839, 1571, 1484, 1459, 1441, 1421, 1390, 1365, 1293, 1251, 1174, 1116, 1101, 1070, 
1056, 1027, 986, 933, 877. HRMS (ESI+): calc. for [C22H30IO]+: 437.1336; found: 
437.1328. m.p.(ºC): 141-142. 
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(4-Methoxyphenyl)(2,4,6-triisopropylphenyl)iodonium acetate (70.1) 
Isolated according to GP12 as yellow viscous oil in 99% 
of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.26 (d, J = 6.9 Hz, 
6H), 1.31 (d, J = 6.7 Hz, 12H), 1.94 (s, 6H), 3.00 (sept, J = 
6.9 Hz, 1H), 3.47 (sept, J = 6.7 Hz, 2H), 3.83 (s, 3H), 7.06 (d, J = 9.0 Hz, 2H), 7.31 (s, 
2H), 7.81 (d, J = 9.0 Hz, 2H). 13C-NMR (100 MHz, CD3OD): ( = 22.1, 24.1, 24.5, 
35.4, 40.5, 56.3, 103.6, 118.9, 124.1, 126.1, 137.0, 153.1, 156.5, 164.1, 177.1. IR   
)(cm-1): 3000, 2968, 2929, 2873, 2845, 1691, 1577, 1486, 1461, 1441, 1423, 1389, 
1365, 1355, 1333, 1305, 1295, 1249, 1177, 1117, 1101, 1071, 1058, 1042, 1016, 1007, 
991, 935, 921. HRMS (ESI+): calc. for [C22H30IO]+: 437.1336; found: 437.1332. 
 
p-Tolyl(4-(trifluoromethyl)phenyl)iodonium bromide (71.2) 
Synthesised according to GP8 (p-diacetoxyiodo-
trifluorotoluene as diacetoxyiodoarene and toluene as arene) as 
white solid in 54% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 2.41 (s, 3H), 7.37 (d, J = 
8.2 Hz, 2H), 7.81 (d, J = 8.3 Hz, 2H), 8.08 (d, J = 8.4 Hz, 2H), 8.33 (d, J = 8.1 Hz, 2H). 
13C-NMR (100 MHz, CD3OD): ( = 21.4, 113.5, 121.0, 124.8 (q, J = 272.8 Hz), 129.5 
(q, J = 3.8 Hz), 134.0, 134.9 (q, J = 33.6 Hz), 136.6, 136,9, 145.3. 19F-NMR (376 
MHz, CD3OD): ( = -64.8. IR )(cm-1): 3028, 1595, 1487, 1398, 1322, 1168, 1124. 
HRMS (ESI+): calc. for [C14H11F3I]+: 362.9852; found: 362.9852. m.p.(ºC): 218-219. 
 
p-Tolyl(4-(trifluoromethyl)phenyl)iodonium acetate (71.1) 
Isolated according to GP12 as a white solid in 55% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.87 (s, 3H), 2.42 (s, 3H), 
7.37 (d, J = 8.2 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 8.08 (d, J = 
8.4 Hz, 2H), 8.32 (d, J = 8.3 Hz, 2H). 13C-NMR (100 MHz, 
CD3OD): ( = 21.4, 24.2, 113.0, 120.5, 123.4 (q, J = 272.0 Hz), 129.5 (q, J = 3.7 Hz), 
134.0, 134.9 (q, J = 33.1 Hz), 136.7, 136.9, 145.4, 180.2. 19F-NMR (376 MHz, 
CD3OD): ( = -64.5. IR )(cm-1): 3030, 2920, 1596, 1552, 1486, 1393, 1321, 1208, 
1162, 1114, 1102, 1069, 1051, 1002. HRMS (ESI+): calc. for [C14H11F3I]+: 362.9852; 
found: 362.9844. m.p.(ºC): 148-149. 
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Mesityl(4-methoxyphenyl)iodonium bromide (72.2) 
Synthesised according to GP8 (p-diacetoxyiodo-anisole as 
diacetoxyiodoarene and mesitylene as arene) as white solid in 
48% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 2.27 (s, 3H), 2.59 (s, 
6H), 3.76 (s, 3H), 6.99 (d, J = 9.1 Hz, 2H), 7.15 (s, 2H), 7.84 (d, J = 9.1 Hz, 2H). 13C-
NMR (100 MHz, DMSO-d6): ( = 20.5, 26.2, 55.6, 106.1, 117.2, 125.0, 129.5, 136.0, 
140.9, 142.3, 161.3. IR )(cm-1): 2978, 2943, 2916, 2834, 1580, 1569, 1484, 1457, 
1444, 1398, 1380, 1297, 1249, 1168, 1113, 1100, 1051, 1024, 989. HRMS (ESI+): 
calc. for [C16H18IO]+: 353.0397; found: 353.0398. m.p.(ºC): 163-164. 
 
Mesityl(4-methoxyphenyl)iodonium acetate (72.1) 
Isolated according to GP12 as pale brown solid in 83% of 
yield. 
1H-NMR (300 MHz, CD3OD): ( = 1.88 (s, 3H), 2.35 (s, 3H), 
2.67 (s, 6H), 3.83 (s, 3H), 7.04 (d, J = 9.0 Hz, 2H), 7.21 (s, 
2H), 7.85 (d, J = 9.2 Hz, 2H). 13C-NMR (75 MHz, CD3OD): ( = 21.0, 24.2, 27.0, 56.3, 
102.8, 118.9, 122.9, 131.2, 137.4, 143.2, 145.5, 164.2. IR )(cm-1): 3003, 2970, 2917, 
2840, 1572, 1546, 1487, 1461, 1447, 1376, 1324, 1295, 1250, 1172, 1117, 1104, 1034, 
1018, 994, 947, 909. HRMS (ESI+): calc. for [C16H18IO]+: 353.0397; found: 353.0390. 
m.p.(ºC): 166-167. 
 
Mesityl(phenyl)iodonium bromide (73.2) 
Synthesised according to GP8 (diacetoxyiodobenzene as 
diacetoxyiodoarene and mesitylene as arene) as white solid in 77% 
of yield. 
1H-NMR (400 MHz, CD3OD): ( = 2.36 (s, 3H), 2.66 (s, 6H), 7.23 
(s, 2H), 7.47-7.52 (m, 2H), 7.60-7.65 (m, 1H), 7.86-7.91 (m, 2H). 13C-NMR (100 MHz, 
CD3OD): ( = 21.0, 27.0, 115.2, 123.3, 131.3, 133.1, 133.2, 135.1, 143.3, 145.7. IR 
)(cm-1): 3049, 2977, 2919, 1588, 1562, 1469, 1454, 1440, 1377, 1324, 1298, 1269, 
1244, 1175. HRMS (ESI+): calc. for [C15H16I]+: 323.0291; found: 323.0289. m.p.(ºC): 
172-173. 
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Mesityl(phenyl)iodonium acetate (73.1) 
Isolated according to GP12 as white solid in 60% of yield. 
1H-NMR (300 MHz, CD3OD): ( = 1.88 (s, 3H), 2.36 (s, 3H), 2.66 
(s, 6H), 7.24 (s, 2H), 7.51 (t, J = 7.7 Hz, 2H), 7.65 (t, J = 7.4 Hz, 
1H), 7.90 (d, J = 7.6 Hz, 2H). 13C-NMR (75 MHz, CD3OD): ( = 
21.0, 24.2, 27.0, 114.3, 122.4, 131.3, 133.3, 135.2, 143.5, 145.8. IR )(cm-1): 3052, 
2970, 2915, 1571, 1539, 1477, 1462, 1444, 1418, 1385, 1328, 1296. HRMS (ESI+): 
calc. for [C15H16I]+: 323.0291; found: 323.0291. m.p.(ºC): 130-131. 
 
Mesityl(4-(trifluoromethyl)phenyl)iodonium bromide (74.2) 
Synthesised according to GP9 (p-iodo-trifluorotoluene as 
iodoarene and mesitylene as arene) as grey solid in 27% of 
yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 2.29 (s, 3H), 2.59 (s, 
6H), 7.19 (s, 2H), 7.80 (d, J = 8.4 Hz, 2H), 8.06 (d, J = 8.2 Hz, 2H). 13C-NMR (100 
MHz, DMSO-d6): ( = 20.5, 26.3, 123.1 (q, J = 1.4 Hz), 123.5 (q, J = 272.8 Hz), 125.5, 
128.0 (q, J = 3.8 Hz), 129.7, 131.0 (q, J = 32.5 Hz), 134.5, 141.0, 142.6. 19F-NMR (376 
MHz, DMSO-d6): ( = -61.3. IR )(cm-1): 3027, 2980, 2955, 2917, 1592, 1485, 1451, 
1392, 1319, 1245, 1163, 1127, 1101, 1064, 1045, 1031, 1002, 990, 954. HRMS 
(ESI+): calc. for [C16H15F3I]+: 391.0165; found: 391.0159. m.p.(ºC): 167-168. 
 
Mesityl(4-(trifluoromethyl)phenyl)iodonium acetate (74.1) 
Isolated according to GP12 as white solid in 71% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.87 (s, 3H), 2.38 (s, 3H), 
2.66 (s, 6H), 7.27 (s, 2H), 7.81 (d, J = 8.4 Hz, 2H), 8.07 (d, J = 
8.4 Hz, 2H). 13C-NMR (100 MHz, CD3OD): ( = 21.1, 24.1, 
27.0, 118.4, 122.6, 124.7 (q, J = 272.4 Hz), 129.8 (q, J = 3.7 Hz), 131.5, 134.8 (q, J = 
33.3 Hz), 135.8, 143.6, 146.2. 19F-NMR (376 MHz, CD3OD): ( = &64.5. IR )(cm-1): 
2977, 2924, 1594, 1544, 1490, 1461, 1422, 1389, 1320, 1299, 1239, 1165, 1127, 1105, 
1068, 1049, 1029, 1003, 915. HRMS (ESI+): calc. for [C16H15F3I]+: 391.0165; found: 
391.0160. m.p.(ºC): 147-148. 
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Phenyl(2,4,6-triisopropylphenyl)iodonium bromide (75.2) 
Synthesised according to GP9 (iodobenzene as iodoarene and 
mesitylene as 1,3,5-triisopropylbenzene as arene) as white solid 
in 47% of yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 1.15-1.30 (m, 18H), 2.96 
(sept, J = 6.9 Hz, 1H), 3.39 (sept, J = 6.7 Hz, 2H), 7.27 (s, 2H), 7.44-7.50 (m, 2H), 
7.54-7.59 (m, 1H), 7.84 (d, J = 7.7 Hz, 2H). 13C-NMR (100 MHz, DMSO-d6): ( = 
23.5, 23.9, 33.3, 38.6, 118.0, 124.3, 125.5, 131.1, 131.6, 133.4, 150.7, 153.5. IR    
)(cm-1): 3049, 2964, 2931, 2867, 1585, 1564, 1462, 1439, 1410, 1385, 1362, 1324, 
1308, 1296, 1258, 1191, 1170, 1154, 1098, 1064, 1010, 990, 957, 937, 922, 910. 
HRMS (ESI+): calc. for [C21H28I]+: 407.1230; found: 407.1226. m.p.(ºC): 158-159. 
 
Phenyl(2,4,6-triisopropylphenyl)iodonium acetate (75.1) 
Isolated according to GP12 as grey oil in 99% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.25-1.32 (m, 18H), 1.96 (s, 
3H), 3.02 (sept, J = 6.9 Hz, 1H), 3.42 (sept, J = 6.7 Hz, 2H), 7.34 
(s, 2H), 7.50-7.54 (m, 2H), 7.61-7.66 (m, 1H), 7.83-7.86 (m, 2H) 
13C-NMR (100 MHz, CD3OD): ( = 21.8, 24.0, 24.5, 35.4, 40.6, 115.1, 123.4, 126.3, 
133.1, 133.3, 134.7, 153.3, 156.8, 176.7. IR )(cm-1): 2965, 2931, 2873, 1709, 1542, 
1464, 1441, 1386, 1364, 1242, 1156, 1101, 1068, 1055, 1010, 986, 937, 877, 735. 
HRMS (ESI+): calc. for [C21H28I]+: 407.1230; found: 407.1246. 
 
(4-(Trifluoromethyl)phenyl)(2,4,6-triisopropyl)iodonium bromide (76.2) 
Synthesised according to GP10 (1-Diacetoxyiodo-4-
(trifluoromethyl)benzene as diacetoxyiodoarene and 1,3,5-
triisopropyl benzene as arene) as white solid in 72% of 
yield. 
1H-NMR (400 MHz, DMSO-d6): ( = 1.22 (d, J = 6.9 Hz, 18H), 2.97 (sept, J = 6.9 Hz, 
1H), 3.37 (sept, J = 6.7 Hz, 2H), 7.30 (s, 2H), 7.86 (d, J = 8.5 Hz), 8.01 (d, J = 8.4 Hz, 
2H). 13C-NMR (100 MHz, DMSO-d6): ( = 23.5, 23.9, 33.3, 38.7, 123.4, 123.5 (q, J = 
272.7 Hz), 124.5, 125.9, 128.1 (q, J = 3.7 Hz), 131.0 (q, J = 32.4 Hz), 134.0, 150.6, 
153.7. 19F-NMR (376 MHz, DMSO-d6): ( = -61.3. IR )(cm-1): 3044, 2963, 2938, 
2868, 1592, 1571, 1463, 1425, 1392, 1367, 1319, 1262, 1163, 1126, 1101, 1065, 1045, 
I
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1001, 984, 949, 939, 887, 877, 834, 820. HRMS (ESI+): calc. for [C22H27F3I]+: 
475.1104; found: 475.1100. m.p.(ºC): 137-138. 
 
(4-(Trifluoromethyl)phenyl)(2,4,6-triisopropyl)iodonium acetate (76.1) 
Isolated according to GP12 as yellow liquid in 99% of 
yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.26-1.32 (m, 18H), 
1.96 (s, 3H), 3.03 (sept, J = 6.9 Hz, 1H), 3.38 (sept, J = 6.7 
Hz, 2H), 7.38 (s, 2H), 7.84 (d, J = 8.4 Hz, 2H), 8.01 (d, J = 8.3 Hz, 2H). 13C-NMR (100 
MHz, CD3OD): ( = 21.9, 24.0, 24.4, 35.5, 40.7, 118.9, 123.3, 124.7 (q, J = 272.3 Hz), 
126.6, 129.9 (q, J = 3.8 Hz), 134.9 (q, J = 33.3 Hz), 135.3, 153.5, 157.3, 176.8. 19F-
NMR (376 MHz, CD3OD): ( = -64.5. IR )(cm-1): 2966, 2633, 2874, 1712, 1595, 
1542, 1463, 1396, 1366, 1322, 1246, 1170, 1131, 1104, 1067, 1047, 1002, 988, 937. 
HRMS (ESI+): calc. for [C22H27F3I]+: 475.1104; found: 475.1098. 
 
Mesityl(phenyl)iodonium pivalate (73.6) 
Isolated according to GP13 as white solid in 82% of yield. 
1H-NMR (400 MHz, CD3OD): ( = 1.11 (s, 9H), 2.36 (s, 3H), 2.66 
(s, 6H), 7.23 (s, 2H), 7.47-7.52 (m, 2H), 7.62-7.66 (m, 1H), 7.88-
7.91 (m, 2H). 13C-NMR (100 MHz, CD3OD): ( = 21.0, 27.0, 28.9, 
40.9, 114.5, 122.6, 131.3, 133.2, 133.3, 135.1, 143.4, 145.7. IR )(cm-1): 3055, 3019, 
2975, 2947, 2918, 2860, 1569, 1536, 1474, 1440, 1394, 1377, 1347, 1300, 1217, 1177, 
1143, 1080, 1033, 1009, 994, 876, 847. HRMS (ESI+): calc. for [C15H16I]+: 323.0291; 
found: 323.0297. m.p.(ºC): 80-82. 
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5. OVERALL CONCLUSIONS 
 
The mechanism of racemic stoichiometric vicinal diamination mediated by I(III) has 
been studied. DFT calculations showed a mechanism in which the oxygen of the 
bissulfonimide attacks the activated alkene. In addition, this theoretical calculation 
presents two possible steps with the highest energetical barrier, either the ligand 
dissociation or the reductive elimination. Experimental evidences of this first oxygen 
insertion were achieved, thereby supporting therefore the calculations. A series of tested 
p-substituted hypervalent iodines discriminate the ligand dissociation as the limiting 
step of this transformation as a result of a decrease in the reaction rate when electron-
withdrawing substituents are displayed in the I(III). 
 
This information on acceleration implies a chance to carry out a catalytic 
enantioselective diamination of styrenes, eliminating other background reactions. 
mCPBA as terminal oxidant for this transformation produces competing styrene 
electrophilic epoxidation in a usually fast manner. However, the oxidation of the iodine 
centre of the catalyst is accelerated by the introduction of a methyl substituent at the 
aromatic core, providing the opportunity to override this background reaction. In 
addition, this methyl moiety also appears to favour the rate of the diamination step, as 
deduced from the corresponding racemic stoichiometric control reaction. The right 
selection of temperature and solvent allowed to suppress any background reactions 
obtaining the diamination products in good to excellent yields when 20 mol% catalyst is 
used. This amount can be also reduced to 10 mol% when the number of mCPBA 
additions is increased. Tertiary amide motives in the chiral moieties also turn out to be 
essential to achieve good yields and enantioselectivities, being the latter ones up to 10% 
higher than in previous reactions. The catalyst enantiomer was synthesised and it 
provided a tool for the synthesis of the enantiomeric diamine series. The use of chiral 
reactants proved a complete catalyst stereocontrol within the newly formed chiral 
centres. 
 
Control experiments suggest the formation of a supramolecular chiral environment 
through hydrogen bonding by a water molecule. The resulting C2 symmetry induces the 
alkene face differentiation in a way that is reminiscent to the catalytic diacetoxylation 
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reaction. It implies a direct bissulfonamide attack with nitrogen to obtain the correct 
final relative configuration. 
 
In the last chapter, we developed one of the few metal-free borylations known in 
literature. This methodology is based on the boron umpolung formation through the 
diaryliodonium counterion (acetate) direct action, which attacks one boron centre to 
transform the neighbouring one into a nucleophile. Consequently, this mechanism 
represents one of the few examples of non-innocent anions in diaryliodonium salts and 
the first example of its application with elements of group 13. 
 
In this particular case, for non-symmetrical diaryliodonium acetates, electronic 
differentiation gave almost no chemoselectivity. In contrast, steric differentiation arises 
from an anti-ortho effect. The required bulkiness can be displayed into the aryl core 
(TRIP, mesityl) or into the anion (pivalate). An increase in bulkiness implies a better 
aryl selection, rendering TRIP a better dummy group than mesityl. The combination of 
a bulkier anion and mesityl as dummy group showed similar chemoselectivity to TRIP 
itself; nevertheless, the yield decreased due to the arylation of the anion. The 
carboxylate arylation was more favourable for pivalate than for acetate. The formation 
of this byproduct is a consequence of the inherent instability of the diaryliodonium salt 
due to its bulkiness. Based on all this insight, the selective carbon-boron bond formation 
from diaryliodonium species can be rationalised. 
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